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POWER MANAGEMENT OF A HYBRID
POWER PLANT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to PCT Application
No.PCT/EP2020/085059, having a filing date of Dec. 8§,
2020, which claims priority to EP Application No.
20380001.6, having a filing date of Jan. 13, 2020, the entire
contents both of which are hereby incorporated by
reference.

FIELD OF TECHNOLOGY

[0002] The following relates to a method and to an
arrangement of power management of a hybrid power
plant comprising at least one type of renewable power gen-
eration equipment, such as wind turbine and/or solar energy
conversion equipment, and an energy storage system.
Further, the following relates to a hybrid power plant com-
prising the arrangement.

BACKGROUND

[0003] A renewable power plant comprises at least one
type of renewable energy generation equipment. A hybrid
power plant comprises additionally a storage system for
storing electric energy. It has been observed that the predict-
ability and dispatchability of energy supply of renewable
power plants are not in all situations satisfied in a reliable
manner. Furthermore, the improvement of predictability and
continuity is desired, since it may allow that the renewable
energy provides ancillary services and may participate in
energy markets.

SUMMARY

[0004] An aspect relates to a method and a corresponding
arrangement of power management of a hybrid power plant,
wherein predictability and/or dispatchability are improved
and at the same time complying with grid operator set
requirements.

[0005] According to an embodiment of the present inven-
tion it is provided a method of power management of a
hybrid power plant comprising at least one type of renew-
able power generation equipment and an energy storage sys-
tem, comprising: before a first dispatching time range: using
first forecasts of energy production capability and energy
price, and in particular hybrid plant status and plant para-
meters, to derive a first power generation schedule defining
power generation in the first dispatching time range; at a
dispatch point in time within the first dispatching time
range (and in particular before a second dispatching time
range): using second forecasts of energy production capabil-
ity and energy price, and in particular plant status and plant
parameters, to derive a second power generation schedule
defining power generation in the second dispatching time
range; and calculating an optimal power injection value for
the dispatch point in time based on the first power genera-
tion schedule and the second power generation schedule tak-
ing into account at least one constraint.

[0006] The method may be performed by for example an
energy management system (EMS) which may be remote
from the renewable power generation equipment, such as a
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wind park or a solar park. In other embodiments, the method
may be performed for example by a power plant controller,
such as a wind park controller or a solar park controller. The
renewable power generation equipment may comprise one
or more wind turbines and/or one or more solar energy con-
version equipment, such as photovoltaic cell, and/or one
tidal energy conversion equipment and/or other types of
renewable power generation equipment.

[0007] The energy storage system may for example com-
prise one or more batteries or accumulators which may store
electric energy in form of chemical energy and/or mechan-
ical energy. The renewable power generation equipment
may comprise or may not comprise a converter for example
to convert a DC voltage (for example of a battery or an
accumulator or a photovoltaic cell) to an AC voltage having
a frequency for example corresponding to a nominal fre-
quency (for example 50 Hz or 60 Hz) of an electrical utility
grid. The hybrid power plant may be connected or connect-
able (for example via one or more breakers) to an electrical
utility system providing electric energy to plural consumers.
The power management may relate to the management of
active power and/or reactive power.

[0008] The first forecasts may relate to values derived
based on data relating to a time before the first dispatching
time range. The forecast of the energy production capability
may for example comprise forecasts of energy or power due
to wind and/or solar irradiance. The forecasts regarding
energy price may relate to forecasts of prices for different
types of energy and/or in different timespans. The first
power generation schedule may relate to a schedule of active
power and/or reactive power to be generated in the first dis-
patching time range. Dispatching power according to
exactly the first power generation schedule may not be pos-
sible, since the power at the actual dispatch point in time
within the first dispatching time range may not be available
due to changing weather conditions, for example changing
wind conditions and/or solar irradiance conditions. There-
fore, second forecast, in particular more recent forecast of
the energy production capability and energy price are con-
sidered to derive a second power generation schedule (also
relating to active power and/or reactive power to be gener-
ated in the second dispatching time range).

[0009] The first dispatching time range and the second dis-
patching time range may or may not partly overlap such that
at least for one point in time, in particular the dispatch point
in time within the first dispatching time range, a schedule
value of the power is available from the first power genera-
tion schedule as well as from the second power generation
schedule. The two power values may deviate meaning that
for example the power as comprised in the first power gen-
eration schedule is different from the power as comprised in
the second power generation schedule. In this case (and
potentially other cases as well), the method proposes to cal-
culate the optimal power injection value for the considered
dispatch point in time based on the first power generation
schedule and also the second power generation schedule
taking into account at least one constraint (for example
regarding a deviation from the previously derived first
power generation schedule).

[0010] For example, the first power generation schedule
may have been communicated to the grid operator and the
grid operator may rely that the hybrid power plant in fact
will inject its power according to the first power generation
schedule. If then, according to the more recent forecast it
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turns out that the power as scheduled by the first power gen-
eration schedule is not the same anymore, it may be desired
to mitigate or minimize the deviations of the actually
injected power from the power as listed in the first power
generation schedule. By calculating the optimal power
injection value (and in particular also injecting power
according to the optimal power injection value), the predict-
ability of power injection from the hybrid power plant is
improved thereby also contributing to stabilizing the utility
grid.

[0011] The method may continuously be performed
repeating successively deriving further power generation
schedules at later points in time and repeatedly calculating
optimal power injection values for later points in time.
[0012] According to an embodiment of the present inven-
tion, the constraint comprises a power threshold, wherein
the optimal power injection value is calculated such that a
deviation between the optimal power injection value and a
power value according to the first generation schedule is
below the power threshold, wherein the power threshold is
a relative power threshold, in particular defined by the grid
operator, defining a maximally allowable deviation.

[0013] When the optimal power injection value is calcu-
lated such that the deviation between the optimal power
injection value and a power value according to the first gen-
eration schedule to be below the power threshold, the pre-
dictability of the power injection by the hybrid power plant
is improved and oscillations in the utility grid may be miti-
gated. For example, the power threshold may be a relative
power threshold, such as between e.g., +10% and -10% of
the power as comprised in the first power generation sche-
dule. Thus, it may be ensured that the actually injected
power by the hybrid power plant only slightly deviates
from the power as dictated by the first power generation
schedule. Thereby, the grid operator in an improved manner
may rely on the (optionally previously communicated)
power generation schedule.

[0014] According to an embodiment of the present inven-
tion, calculating the optimal power injection value com-
prises finding an extreme, in particular minimum, of an
objective function subject to the constraints.

[0015] The objective function may in a mathematical
manner define a control goal, for example improvement or
optimization of energy output, improvement or minimiza-
tion of load and/or improvement or optimization of compli-
ance with external references, such as power references (for
example regarding active and/or reactive power) as defined
for example by a grid operator. Thereby, mathematical opti-
mization methods may be applied. For example, linear or
non-linear optimizations may be applied.

[0016] According to an embodiment of the present inven-
tion, the objective function and/or the at least one constraint
is designed to achieve at least one of: a deviation mitigation,
thereby in particular applying capacity firming; a technical
optimization, thereby in particular applying capacity firm-
ing; an economic optimization, thereby in particular apply-
ing energy arbitrage and/or time shifting, wherein price dif-
ferences at different time ranges and/or for different types of
energy are exploited for profit maximization.

[0017] The calculating an optimal power injection value
may be performed using a model including the objective
function and one or more constraints. The model may com-
prise several constraints which may be modelled by corre-
sponding mathematical functions defined by, for example,
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operational variables of the hybrid power plant and/or fore-
cast values and/or power limits and/or plant status and/or
grid power limits and/or storage limits/capacity/loading
state etc. The objective function may be represented/estab-
lished as a mathematical function depending on the opera-
tional variables and parameters of the hybrid power plant
and the forecast of energy production capability and energy
price. The objective function as well as the one or more
constraints may be selected or defined according to the par-
ticular application and control objective or control goal.
Thereby, great flexibility is provided for effectively mana-
ging the hybrid power plant.

[0018] According to an embodiment of the present inven-
tion, the model (e.g., defined by an objection function and a
set of constraints) is composed of continuous variables with
a linear characteristic; the model’s objective function and
the set of linear constraints define a convex solution space
including the optimal power injection value, wherein the
optimal power injection value is in particular an extreme
of the convex solution space.

[0019] The continuous variables may be different from
integer variables but may be defined in the space of real
numbers. Linear constraints may comprise a constraint
which is linear in the one or more operational variables of
the power plant or which is linear in a function depending on
the one or more operational parameters of the hybrid power
plant and other parameters/variables as listed above. The set
of linear constraints may define a polyhedron in a high
dimensional space, wherein the dimension of the high
dimensional vector space may be equal to the number of
different (operational) variables. The optimal solution of
the optimization problem may be at an edge or a corner of
the convex solution space. Solving the optimization pro-
blem based on linear constraints and finally a convex solu-
tion space may be simpler than solving a non-linear optimi-
zation problem.

[0020] According to an embodiment of the present inven-
tion, calculating the optimal power injection value com-
prises applying the SIMPLEX method. The SIMPLEX
method is an algorithm for linear programming. The shape
of the polytope (the convex solution space) is defined by the
constraints applied to the objective function. The SIMPLEX
method may maximize or minimize an expression linear for
example in the variables of the objective function, including
e.g., the operational variables of the hybrid power plant.
Furthermore, all constraints may be linear in the variables
(e.g., operational parameters). The feasible region in which
the solution lies satisfies all constraints and may be a convex
polytope, i.e., the convex solution space. The convex poly-
tope may have a finite number of corners. The optimal solu-
tion may also be assumed at an edge of the polyhedron. The
SIMPLEX method may evaluate the objective function
along edges of the polytope to find the optimum. Also, the
number of vertices or edges of the polytope is finite, thus,
the SIMPLEX algorithm always terminates.

[0021] According to an embodiment of the present inven-
tion, the constraint comprises at least one of the following:
at least one hybrid plant requirement; at least one hybrid
plant maximum power injection capability; a charging and/
or discharging capability of the storage system; an allowed
charging and/or discharging level of the storage system. In
other embodiments, other constraints may be considered as
well. Thereby, great flexibility is provided for design meth-
ods according to the particular needs.
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[0022] According to an embodiment of the present inven-
tion, the first power generation schedule and the second
power generation schedule overlap in time or do not overlap
in time. When the first and the second power generation
schedules overlap in time, then there is at least one point
in time for which respective power values are dictated by
both, the first and the second power generation schedule.
Further, the deviation between these two power values
may be evaluated and the respective optimal power injection
value may be calculated based on these two different power
values and further possibly or optionally depending on other
values, such as actual energy production capability and/or
energy price etc.

[0023] In other embodiments, the end point of the first dis-
patching time range may be equal to the starting point of the
second dispatching time range. Thus, at least the power
value at the end of the first dispatching time range and cor-
responding to the start of the second dispatching time range
may be compared and a respective optimal power injection
value may be calculated for this point in time.

[0024] According to an embodiment of the present inven-
tion, the optimal power injection value is calculated further
considering actual energy production capability and/or
actual energy price and/or actual hybrid plant status. Thus,
not only forecast energy production capability and/or energy
price may be considered but also the actually available
power or energy (for example due to wind and/or due to
solar irradiance) and the actual market prices of the energy.
Thereby, the control may further be improved.

[0025] According to an embodiment of the present inven-
tion, wherein the first and/or second dispatching time range
has a duration of between 1 hours and 48 hours; and/or
wherein the optimal power injection value for subsequent
dispatch points in time is calculated every 5 min to 60 min
repetitively. Other time ranges are possible. For example,
the dispatching time ranges may essentially be 1 day.
Thereby, the grid operator may in an improved manner
plan operation of energy injection into the utility grid.
[0026] According to an embodiment of the present inven-
tion, the forecasts of energy production capability and/or
energy price are obtained from an external source and/or
include forecasts regarding at least one of: power due to
wind; power due to sun irradiance; power due to tidal;
plant power; energy price of wind energy; energy price of
solar energy; energy price of tidal energy; general energy
price (energy price of any source).

[0027] In other embodiments, the forecasts are (e.g.,
partly) internally calculated, for example based on measured
wind speed and/or measured sun irradiance and further
including weather forecast data taken from other sources
or internally derived.

[0028] According to an embodiment of the present inven-
tion, the first and/or second power generation schedule
relates to hybrid plant power output at a point of common
connection to which all power generation equipment and the
energy storage system is connected or to another point or
node to which at least one power generation equipment
and/or at least the energy storage system is connected.
[0029] The point of common connection may be con-
nected or connectable via one or more plant transformers
to the utility grid. Between the respective power plant and
the utility grid for example a high power/voltage AC trans-
mission line or high power/voltage DC transmission line
may be arranged. The wind park may relate to a wind park
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installed offshore or installed onshore. The same may hold
for the solar path.

[0030] According to an embodiment of the present inven-
tion, the first and/or the second power generation schedule is
derived such as to maximize plant power output and/or to
minimize usage of the energy stored in the storage system
and/or to maximize profit of selling the generated energy;
and/or wherein the hybrid plant comprises at least one
wind turbine, in particular a wind park, and/or at least one
solar energy converting unit, in particular solar park, and/or
a tidal energy converting equipment. Thereby, high flexibil-
ity is provided.

[0031] It should be understood that features, individually
or in any combination, disclosed, described, explained or
provided for a method of power management of a hybrid
power plant are also applicable, individually or in any com-
bination, to an arrangement for power management of a
hybrid power plant according to embodiments of the present
invention and vice versa.

[0032] According to an embodiment of the present inven-
tion it is provided an arrangement for power management of
a hybrid power plant comprising at least one type of renew-
able power generation equipment and an energy storage sys-
tem, the arrangement comprising a processor adapted:
before a first dispatching time range: to derive, using first
forecasts of energy production capability and energy price,
and in particular hybrid plant status and plant parameters, a
first power generation schedule defining power generation
in the first dispatching time range; at a dispatch point in
time: to derive, using second forecasts of energy production
capability and energy price, and in particular plant status
and plant parameters, a second power generation schedule
defining power generation in the second dispatching time
range; and to calculate an optimal power injection value
for the dispatch point in time based on the first power gen-
eration schedule and the second power generation schedule
taking into account at least one constraint.

[0033] Furthermore, a hybrid power plant system is pro-
vided, comprising at least one type of renewable power gen-
eration equipment, such as at least one wind turbine and/or
at least one solar conversion equipment, an energy storage
system and an arrangement according to the preceding
embodiments.

[0034] The at least one type of renewable power genera-
tion equipment and the energy storage system form a hybrid
power plant.

BRIEF DESCRIPTION

[0035] Some of the embodiments will be described in
detail, with reference to the following figures, wherein like
designations denote like members, wherein:

[0036] FIG. 1 schematically illustrates a hybrid power
plant system including an arrangement for power manage-
ment of a hybrid power plant according to an embodiment of
the present invention, performing a method of power man-
agement according to an embodiment of the present
invention;

[0037] FIG. 2 schematically illustrates an arrangement for
managing a hybrid power plant according to an embodiment
of the present invention;

[0038] FIG. 3 schematically illustrates aspects of manage-
ment methods and arrangements according to embodiments
of the present invention; and
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[0039] FIG. 4 schematically illustrates an optimization
algorithm/function applied according to embodiments of
the present invention.

DETAILED DESCRIPTION

[0040] The illustration in the drawings is in schematic
form. It is noted that in different figures, elements similar
or identical in structure and/or function are provided with
the same reference signs or with reference signs, which dif-
fer only within the first digit. A description of an element not
described in one embodiment may be taken from a descrip-
tion of this element with respect to another embodiment.
[0041] The hybrid power plant system 100 schematically
illustrated in FIG. 1 comprises a hybrid power plant 110.
The hybrid power plant 110 comprises at least one type of
renewable power generation equipment 101a, 1015 and
comprises another type of renewable power generation
equipment 103a, 103b. Furthermore, the hybrid power
plant 110 comprises a storage system 105. The renewable
power generation equipment 101a, 1015, 103a, 1035, 105
as well as the energy storage system 105 are all connected
(for example via not illustrated breakers) to a point of com-
mon connection 107. Via a park transformer 109, the power
is delivered to a utility system 111.

[0042] Besides the hybrid power plant 110, the hybrid
power plant system 100 comprises an arrangement 150 for
power management according to an embodiment of the pre-
sent invention. The power generation equipment 101, 103
and also the energy storage system 105 are controlled by a
respective plant controller 113 and/or directly by a power
delivery engine 115 which is part of the arrangement 150
for power management according to an embodiment of the
present invention which is also denoted as energy manage-
ment system. The arrangement 150 comprises at least one
processor which is adapted to carry out or control a method
of power management of the hybrid power plant 110.
[0043] In the embodiment illustrated in FIG. 1, the
arrangement 150 (energy management system EMS) is
implemented in two stages or two blocks, namely a bid fore-
cast calculation block or module 117 and the power delivery
engine 115. The Bid forecast calculation block 117 is com-
municatively coupled to a forecast service 119 or an internal
forecast module 119. From the module 119, the bid forecast
calculation module 117 receives forecasts regarding energy
production capability 121 and regarding energy price 123.
[0044] In particular, the Bid forecast calculation block 117
uses (e.g. before a first dispatching time range 125) first
forecasts of energy production capability and energy price
to derive a first power generation schedule 127 defining
power generation in the first dispatching time range 125.
Further, at a dispatch point in time 129 which is within the
first dispatching time range 125, the Bid forecast calculation
module 117 uses a second forecast of energy production
capability and energy price to derive a second power gen-
eration schedule 135 defining power generation in the sec-
ond dispatching time range 133. Based on the first power
generation schedule 127 and the second power generation
schedule 135, the power delivery engine 115 calculates an
optimal power injection schedule 137 for the first dispatch
time range 125.

[0045] The first schedule may e.g., be calculated by the
Bid Forecast calculation algorithm, the second schedule
may be calculated by the Engine, for the same time range.
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The Bid Foreacast may calculate a schedule that is later
established as the “reference” for the Engine algorithm.
The engine algorithm may take this schedule as an input
and calculate the optimal power injection in order to dis-
patch the aforementioned schedule within tolerable bounds.
This process example is repeated three times in the FIG. 1
and may be further continued repeatedly for later points in
time.

[0046] Later on, the process is continued by deriving a
third power generation schedule 139 using third forecasts
of energy production and capability, wherein the third
power production schedule 139 relates to a third dispatching
time range 141. In particular, the power delivery engine 115
may calculate the optimal power injection schedule 137 i.e.,
e.g. every 15 minutes for a respective 15 minute interval,
96 times a day.

[0047] The incorporation of storage devices (for example
105 in FIG. 1) into renewable generation power plants
together with an adequate power generation and energy
price forecast has made it possible to develop predictive
optimization algorithms oriented towards improving the
energy management of the hybrid power plant.

[0048] FIG. 2 schematically illustrates the arrangement
for power management 250 in a schematic manner. The
arrangement 250, also called energy management system,
comprises two main sub-systems that allow the hybrid
plant to be more predictable and dispatchable. The EMS
may consider a hybrid plant as a unique and controllable
power source.

[0049] The energy management system EMS is based on
the two stages, namely the Bid forecast calculation module
217 and the power delivery engine 215. The Bid forecast
calculation module 217 calculates the future power genera-
tion schedule 227. The power delivery engine 215 optimizes
the current available generation and the storage system cap-
ability or capacity at the moment of dispatch in order to
guarantee the injection of the power into the grid as estab-
lished by the power schedule 227 as determined by the Bid
forecast calculation module 217, while avoiding power
deviations that may be subject to penalizations.

[0050] In particular, the Bid forecast calculation module
217 utilizes a natural forecast 221 (optionally iforecast
data 249) as well as financial forecast 223 for calculating
the power schedule 227. The power delivery engine 215
receives the bid reference (also referred to power schedule)
227 and finally calculates for each dispatch point in time an
optimal power injection value 237 which is delivered to the
hybrid power plant 210.

[0051] The Bid forecast calculation may execute asyn-
chronously or synchronously and the timescale is before
the actual dispatching period. The power delivery engine
215 may execute synchronously and continuously and the
timescale may be during the dispatching period. In this
way, it may be possible for renewable energy plants which
are provided with storage capability to present the charac-
teristics of a traditional or “dispatchable” power plant,
where it is possible to choose the optimal future power
injection and being able to actually deliver it when the
moment arrives.

[0052] The target power schedule (e.g., 210 in FIG. 2) sent
to the power plant may consider the production output at the
point of interconnection (for example 107 in FIG. 1) or to
the BESS (battery energy storage system) point of connec-
tion only or may also consider power or electrical character-
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istics at other points or nodes. Thereby, the energy manage-
ment system does not control the storage system, wind tur-
bine generators or photovoltaic inverters individually.
Instead, a local plant controller (for example controller 113
in FIG. 1) and/or the power delivery engine 115 may have
the power tracking possibility and it may be responsible for
meeting the power reference by means of controlling the
production of the individual generators and storage elements
forming the power plant. The EMS will take all this into
consideration and will send total power references only.
[0053] FIG. 3 schematically illustrates which services
may be performed or offered by the arrangement or the
energy management system according to embodiments of
the present invention. As a first service, capacity firming
343 is provided and as a second service, energy arbitrage/
time-shifting 345 is provided. Based on a natural forecast
347 and using the power delivery engine 315, a deviation
to previously scheduled power is mitigated providing devia-
tion mitigation 340. Based on other forecast data 349 (ifor-
ecast) and using the power delivery engine 315, a technical
optimization 362 is achieved.

[0054] During energy arbitrage 345, a financial forecast
algorithm 351 is used to economically optimize the power
schedule, and the power delivery engine 315 calculates its
optimal dispatch power schedule 370.

[0055] In the following, exemplary embodiments of the
two main modules, 1.e., the Bid forecast calculation module
and the power delivery engine are described. Embodiments
of the present invention are not restricted to the following
details.

Bid Forecast Calculation

[0056] In the “Bid Forecast Calculation” stage of the
EMS, the future power injection schedule is calculated and
defined based on a predictive optimization algorithm. The
optimization algorithm will take the electrical power pro-
duction and market price forecasts for a certain time period
in the future as an input, as well as the plants state and para-
meters, and it will calculate the optimal power injection for
that period of time (optimal power injection schedule).
[0057] This feature will allow the plant’s participation in
different energy markets (such as the day-ahead, intraday
and continuous markets) where firm (e.g., constant with
some margin) power value offers are mandatory.

[0058] The optimization algorithm within the “Bid Fore-
cast Calculation” is able to calculate the most adequate
power generation and storage management strategy in
order to achieve a specific power injection objective (mar-
ket-based power time shifting and power injection
optimization).

[0059] The search of the optimal solution is bound to the
feasible space defined by the necessary technical require-
ments included in the mathematical model formulation
(constraints), such as the plant’s maximum power injection
capability, the battery’s discharging and charging power and
capacity, and its allowable charging levels.

[0060] The optimization algorithm will calculate the opti-
mal future power injection schedule based on the received
forecasts and the estimated plant and battery’s state for the
considered planning time.

[0061] The optimization algorithm was developed formu-
lating the algorithm using continuous variables only instead
of using a mixed-integer modelling. This allows to define a
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linear continuous model whose solution can be calculated
using the SIMPLEX method (or its variation) without
requiring specialized branch and bound and/or heuristic
solution methods.

Power Delivery Engine

[0062] In the “Power Delivery Engine” stage of the EMS,
the optimal power values are calculated in order to allow the
injection into the grid of the previously calculated optimal
power injection schedule within the tolerable bounds.
[0063] The optimization algorithm within the “Power
Delivery Engine” will take the most recent power genera-
tion forecast as an input, as well as the plants state and para-
meters, and it will calculate the optimal power injection
values considering that they must be maintained close to
the previously calculated and defined schedule, avoiding
deviations above the allowable percentage, thus avoiding
penalizations.

[0064] The search of the optimal solution is bound to the
feasible space defined by the necessary technical require-
ments included in the mathematical model formulation
(constraints), such as the allowable deviations percentage,
the plant’s maximum power injection capability, the bat-
tery’s discharging and charging power and capacity, and its
allowable charging levels.

[0065] The main idea of the Power Delivery Engine, is a
power reference tracking and deviations minimization algo-
rithm (to avoid unnecessary battery operation) and the inclu-
sion of a bound relaxation variable so the algorithm can
converge to a solution even in scenarios of unexpectedly
low energy availability at the moment of dispatch.

[0066] The EMS may perform an optimization algorithm.
[0067] FIG. 4 schematically illustrates in a schematic
manner an optimization algorithm which may be performed
by the Bid forecast calculation module and/or by the power
delivery engine comprised in the arrangement for power
management also denoted as EMS. As inputs, the optimiza-
tion algorithm 460 receives for example the power limits of
the hybrid plant, the power and capacity of the storage ele-
ment or battery, the hybrid plant status and parameter, the
power limits of the grid, the power generation forecasts and
the grid energy forecasts as labelled with reference signs
461, 463. In an inside hardware and/or software module
465, an objective function 467 and plant’s power and energy
constraints 468 as well as grid’s power constraints 469 may
be definable or defined or considered. A solver 471 may
solve to find an extreme of the objective function 467 sub-
ject to the constraints 468, 469 based on all (operational)
input parameters 461, 463. The output may be the optimal
power injection value (or schedule) 437 which may continu-
ously be derived for subsequent dispatch points in time.
[0068] A particular embodiment of the optimization algo-
rithm is described below. Embodiments of the invention is
not restricted to the optimization algorithm described below.

Optimization Algorithms

[0069] The EMS is based on the modelling and resolution
of mathematical optimization models. The model is formu-
lated through one or more objective functions to optimize
considering the feasible solution space defined by a set of
constraints. These constraints are defined according to the
necessary plant and grid’s power and energy requirements.
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[0070] The optimization model is mathematically defined
as follows:

xeQ

Where,
[0071] {(,, = Objective function
[0072] € = Solution space
[0073] C; = Inequality constraints
[0074] D, = Equality constraints
[0075] x = Moded variables

[0076] The optimization model is defined by an objective
function and a set of constraints composed of continuous
variables with a linear characteristic.
[0077] Embodiments of the present invention may also
allow to participate in an electricity market as will be
described below:
[0078] The EMS can e.g. publish a Production forecast for
a specific time interval (this is done by the ‘Bid Forecast
Calculation” Subsystem).
[0079] If that forecast is confirmed (this could be done
manually or automatically by an external system), The
power delivery Engine will take the newest forecast and it
will calculate an optimum production schedule considering
the objective function and its constraints, that will be send to
the local plant controller.
[0080] The time span, intervals and update frequency can
be adapted in order to adapt the system to different electri-
city markets or external control systems.
[0081] As an advantage of embodiments of the present
invention, an optimum production calendar for a certain
timespan can be predicted and the local plant control may
adjust the production to meet the reference.
[0082] In order to overcome the lack of predictability and
dispatchability of the renewable energy, virtual power plants
(VPP) are being considered as a possible solution. The con-
trol of multiple generation resources may allow to compen-
sate the generation errors between them. However, virtual
power plants may be a solution at a distribution and trans-
mission system level but are not being considered at power
plant point of common connection level unlike the proposed
energy management system.
[0083] Although the present invention has been disclosed
in the form of preferred embodiments and variations
thereon, it will be understood that numerous additional mod-
ifications and variations could be made thereto without
departing from the scope of the invention.
[0084] For the sake of clarity, it is to be understood that the
use of “a” or “an” throughout this application does not
exclude a plurality, and “comprising” does not exclude
other steps or elements.

1. A method of power management of a hybrid power plant
having at least one type of renewable power generation equip-
ment and an energy storage system, comprising:
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before afirst dispatching time range: using first forecasts of
energy production capability and energy price , to derive
afirst power generation schedule defining power genera-
tion in the first dispatching time range;

at a dispatch point in time within the first dispatching time

range: using second forecasts of energy production cap-
ability and energy price, and in particular plant status and
plant parameters, to derive a second power generation
schedule defining power generation in a second dispatch-
ing time range; and

calculating an optimal power injection value for the dis-

patch point in time based on the first power generation
schedule and the second power generation schedule tak-
ing into account at least one constraint.

2. The method according to claim 1, wherein the constraint
comprises a power threshold, wherein the optimal power
injection value is calculated such that a deviation between
the optimal power injection value and a power value accord-
ing to the first generation schedule is below the power
threshold,

wherein the power threshold is a relative power threshold,

defining a maximally allowable deviation.

3. Themethod according toclaim 1, wherein calculating the
optimal power injection value comprises finding an extreme
of an objective function subject to the constraint.

4. The method according to claim 1, wherein the objective
function and/or the at least one constraint is designed to
achieve at least one of:

a deviation mitigation, thereby in particular applying capa-

city firming;

a technical optimization, thereby in particular applying

capacity firming;

an economic optimization, thereby in particular applying

energy arbitrage and/or time shifting, wherein price dif-
ferences at different time ranges and/or for different
types of energy are exploited for profit maximization.

5. The Method according to claim 1, calculating an optimal
power injection value is performed using a model including
the objective function,

wherein the model is composed of continuous variables

with a linear characteristic;

wherein the model’s objective function and the set of linear

constraints define a convex solution space including the
optimal power injection value,

wherein the optimal power injection value is an extreme of

the convex solution space.

6. The method according to claim 1, the first and/or second
power generation schedule relates to hybrid plant power out-
put at a point of common connection to which all power gen-
eration equipment and the energy storage system is connected
or to another point or node to which at least one power gen-
eration equipment and/or at least the energy storage systemis
connected.

7. The method according to claim 1, wherein the constraint
comprises at least one of the following:

at least one hybrid plant requirement;

at least one hybrid plant maximum power injection

capability;

a charging and/or discharging capability of the storage

system,;

an allowed charging and/or discharging level of the storage

system.

8. The method according to claim 1, wherein the first power
generation schedule and the second power generation sche-
dule overlap in time or do not overlap in time.
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9. The method according to claim 1, wherein the optimal
power injection value is calculated further considering actual
energy production capability and/or actual energy price and/
or actual hybrid plant status.
10. The method according to claim 1,
wherein the first and/or second dispatching time range has a
duration of between 1 hours and 48 hours; and/or

wherein the optimal power injection value for subsequent
dispatch points in time is calculated every 5 min to 60 min
repetitively.

11. The method according to claim 1, wherein the forecasts
of energy production capability and/or energy price are
obtained from an external source and/or include forecasts
regarding at least one of:

power due to wind;

power due to sun irradiance;

power due to tidal,

plant power;

energy price of wind energy;

energy price of solar energy;

energy price of tidal energy;

energy price of any type of energy;

any other energy generation or consumption .

12. The method according to claim 1, wherein the first and/
or second power generation schedule relates to hybrid plant
power output at a point of common connection to which all
power generation equipment and the energy storage system is
connected or to another point or node to which at least one
power generation equipment and/or atleast the energy storage
system is connected.

13. The method according to claim 1,

wherein the first and/or the second power generation sche-

dule is derived such as to maximize plant power output
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and/or to minimize usage of the energy stored in the sto-
rage system and/or to maximize profit of selling the gen-
erated energy; and/or

wherein the hybrid plant comprises at least one wind tur-

bine, in particular a wind park, and/or at least one solar
energy converting unit, in particular solar park, and/or a
tidal energy converting equipment.

14. An arrangement for power management of a hybrid
power plant comprising at least one type of renewable
power generation equipment and an energy storage system,
the arrangement comprising a processor adapted:

before a first dispatching time range: to derive, using first

forecasts of energy production capability and energy
price a first power generation schedule defining power
generation in the first dispatching time range;

ata dispatch point in time: to derive, using second forecasts

of energy production capability and energy price, and in
particular plant status and plant parameters, a second
power generation schedule defining power generation
in a second dispatching time range; and

to calculate an optimal power injection value for the dis-

patch point in time based on the first power generation
schedule and the second power generation schedule tak-
ing into account at least one constraint,

wherein the arrangement is adapted to carry out or control

the method according to claim 1.

15. A hybrid power plant system, comprising:

atleastone type of renewable power generation equipment;

an energy storage system; and

the arrangement according to claim 14.
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