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(54) Title: POWER REGULATING SYSTEM FOR SOLAR POWER STATION
(54) Bezeichnung : LEISTUNGSREGELUNG FUR SOLARKRAFTWERK

(57) Abstract: The invention relates to a system for the dynamic regulation
of a regenerative energy generation installation comprising a plurality of
energy generation units. Said system has a signal input for receiving a pre-
determined nominal value (P..), a measuring device for measuring an actual
value (Piy) on an output of the energy generation installation, and a regula-
ting device for regulating the energy generation units based on the nominal
value (Pou) and the measured actual value (Piy,).

Figur 1:

Soll-Wert

(57) Zusammenfassung: Ein System zur dynamischen Regelung einer rege-
nerativen Energieerzeugungsanlage mit mehreren Energieerzeugungseinhei-
ten hat einen Signaleingang zum Empfang eines vorgegebenen Soll-Wertes

EE
Stelwerte

' (P.ou), eine Messvorrichtung zum Messen eines Ist-Wertes (Pi) an einem
Ausgang der Energieerzeugungsanlage, und eine Regelung zur Nachfithrung
der Energieerzeugungseinheiten basierend auf dem Soll-Wert (Po1) und dem
gemessenen Ist- Wert (Pig).
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Power station regulating system
FIELD OF THE INVENTION
[0001] The invention relates to power station monitoring and regulating concepts taking into
account the further development of requirements for the operation of photovoltaic energy
generation installations.
BACKGROUND OF THE INVENTION
[0002] The expansion of renewable energies results in new requirements for the availability
and operational reliability of energy supply grids as time-dependent fluctuations in energy
demand are now accompanied by a fluctuating, hard-to-predict energy supply.
[0003] In order to ensure a highly available and stable supply grid also for the future, the
legislator and the association of energy grid operators laid the legal and technical bases for

integrating regenerative energy generation installations with more than 100 kW as
controllable power stations into the existing supply grids by adopting the amendment of the
Renewable Energies Sources Act (EEG) (October 2008) and the Medium-Voltage Directive
(January 2009).

[0004] This creates new requirements for the planning, system engineering and operation of
photovoltaic power stations. A safe process control system and an intelligent power station
management are particularly important for an efficient and cost-effective realisation.

[0005] Grid operators have not yet been able to define uniform, detailed requirements for
grid security management, power station regulation, protective functions and the used
process control interfaces. At present, this results in very different requirements depending
on the voltage level of the grid connection point and the responsible grid operator. A
consultation with the responsible grid operator on the requirements for participating in grid
security management is therefore recommended when applying for grid connection.

[0006] In general, installations with an installed capacity of more than 100 kW are required to
participate in grid security management. In this respect, the grid operator may limit the active
power supplied by the photovoltaic power station to a certain percentage of the power
station’s installed capacity (currehtly 100 %, 60 %, 30 %, 0 %) by specifying a capacity level.
This is accomplished by means of a process control interface defined by the grid operator to
which the power station regulating system is connected. The grid operator may have to be
informed of the successful realisation of this specification via the process control system.

[0007] So far, capacity reduction has only been described in the art as pure control. This
means, a set point command coming from the electric utility is directly sent to all inverters
present in the power station, and all are reduced to the same percentage value. Due to
losses in the internal power transfer within the power station and possible unavailability of
inverters (e.g. units shut down for repair purposes), this causes yield losses beyond the
required reduction.
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[0008} EP 1 783 365 A2 discloses a method for oohtrolling a wind energy plant, wherein the
transmission of control data is verified by means of identified data and wherein thé
acceptable control data are used for management of operation.

[0009] US 2008/212343 A1 discloses a micro-energy source comprising an inverter, an
energy storage system and a control system. Based on power values, various frequency
values are calculated for the inverter in order to finally determine the frequency of the output
power of the inverter.

07 Aug 2013

{0010] Advantageous embodiments of the invention are defined in the dependent claims.

SUMMARY OF THE INVENTION

[0011] According to a first aspect of the invention, a system for regulating a regenerative
energy generation installation comprising a plurality of energy generation units comprises a
signal input for receiving a pre-determined set value, a measuring device for measuring an
actual value on a grid connection point of the energy generation installation, and a regulating
device for regulating the actual value to the set value by regulating the individual energy
generation units. Instead of simple monitoring, the invention provides a regulating device,
which increases reliability and efficiency.

2010285341

[0012] Regulated variables of the regulating device may be active power, reactive power,
displacement factor, power factor, mains frequency and/or mains voltage.

[0013] The regulating device can additionally process measured values of the energy
generation units.

[0014] The system for dynamic regulation may comprise one or several interface units for
different types of energy generation units.

[0015] Passive elements of the energy generation installation can be taken into account by
the regulating device.

[0016] The system for dynamic regulation may comprise a signal output for information
feedback to a superordinate system, such as a grid control centre or a control computer of a
power station. Thus, the regulating device can also be extended to the superordinate level.

[0017] The set value can be received by a superordinate system, such as a grid control
centre or a control computer of a power station. The set value may originate as individual
values or a common vector from a control computer of the energy generation installation.

[0018] The regulating device can have a PID controller which can be realised in an easy and
sturdy manner. Other classical controllers and further controllers such as neural grids can be
used.

[0019] According to another aspect of the invention, a regenerative energy generation

installation comprising a plurality of energy generation units comprises a system for dynamic
regulation of the energy generation installation as described above. The connection of the
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regenerative energy generation installation and the system for dynamic regulation of the
energy generalion installation has the advantage that no or only few measures are required
regarding logs and/or interfaces.

[0020] The energy generation unit can, e.g., be an inverter, rectifier or DC/AC converter.

[0021] The regenerative energy' generation installation may comprise a photovoltaic energy
generation installation. At times, photovoltaic energy generation installations can exhibit a
strongly fluctuating output power, such that they are predestined for the invention.

[0022] According to another aspect of the invention, a method for regulating a regenerative
energy generation installation comprising a plurality of energy generation units comprises the
steps:

receiving a set value;

measuring an actual value at a grid connection point of the energy generation
installation; and

regulating the individual energy generation units for regulating the actual value to the
set value.

[0023] The set value can be received by a superordinate system, such as a grid control
centre or a control computer of a power station.

[0024] Information can be sent to a superordinate system, such as a grid control centre or a
control computer of a power station. Thus, the regutating device can be extended to the
superordinate level.

[0025] Further measured values from the energy generation installation and/or exlternal
measured values can be processed for rendering the control even more intelligent, i.e.
rendering it even more adjustable to the given situation.

[0026] The invention extends the range of pholdvoltaic system technology from
comprehensive, manufacturer-independent monitoring of large photovoltaic power stations to
complete control room functionality with intelligent concepts of power station regulation.

[0027] The concepts support and improve the power stations with monitoring. The main
purpose is capacity reduction upon request by the electric utility. A regulation by measuring
the actual output power of the power station and comparison to the specification and a
corresponding readjustment of inverter control in a closed-loop regulation chain can help
avoid said yield losses.

[0028] This concept of closed-loop regulation can be additionally improved by using the data
obtained through monitoring. To this end, the current availability and load of all installation
components are included in a regulation calculation and thus, the capacity to be reduced is
spread over individual inverters. On the one hand, this helps to regulate the power station in
any state very quickly and efficiently. On the other hand, it is also possible to integrate
inverters of different installed capacity and even of various manufacturers into the power
management of one power station and distribute the load (or reduced load due to reduction)
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dynamically.

[0029] This concept can also be applied to the regulation of electrical parameters at the grid
connection point (such as displacement factor cos-phi, mains frequency or mains voltage). In
particular, the compensation of reactive power would be advantageous for active power yield
and load distribution in the power station thanks to a differentiated regulation designed for
every inverter.

[0030] Possible additional requirements of individual photovoltaic power stations which can
be operated by the regulating device of the invention may include the following points, but
are not limited to this list:
stabilisation of the displacement factor (cos ¢) to a fixed, pre-determined value
at the network connection point;
stabilisation of the displacement factor (cos ¢) to a variable value pre-
determined by the network operator via a process control interface at the grid
connection point;
readjustment of the displacement factor (cos ¢) depending on the active power
fed in or the existing mains voltage according to a pre-determined curve at a pre-
determined speed;
provision of short-circuit current (fault ride through);
active power reduction up to over- or underfrequency tripping according to a
pre-determined diagram;
disconnection of the generation installation in case of under- or overvoltage
according to a pre-determined voltage-time diagram; and
transmission of the actual values to the network operator via a pre-determined
process control interface.

[0031] The invention covers the following points:
hard- and software for the process control system with interfaces to:
transducers in the power station and at the grid connection point;
radio ripple receivers and process control interfaces of the network
operator; and
inverters of various manufacturers;
active power limitation according to specifications by the network
operator to a pre-determined limitation level with a pre-determined time
(standard: one minute);
slow, controlled start-up of derated power stations after lifting of the active
power limitation by the network operator;
reactive power regulation at the grid connection point to a pre-determined
static or variable displacement factor (cos ¢);
reactive power regulation at the network connection point to a pre-determined
displacement factor (cos ¢) independent of active power or mains voitage;
reactive power compensation of passive reactance in the energy distribution of
the power station (e.g. long underground cable routes to a transmission substatlon)
from a minimum active power fed in;
mains frequency-based active power reduction in case of deviations in mains
frequency for network stability;
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monitoring of all switching operations of the power station’s protective
functions (over- or undervoltage tripping);
partial realisation of the power station’s protective functions, such as tripping
of continued short circuits (unless this is ensured by each individual inverter on the
low-voltage side),
actual and set value feedback of the power station regulating system to the
network operator via multiple communication and process control interfaces;
feedback of a real-time yield prediction of the currently possible active power
supply to the network operator (for determining the yield losses in case of active
power limitation);
integration of all measured and regulating values and all parameters of the
power station regulating system into the continuous power station monitoring for:
status feedback of the power station regulating system;
functional and error check of the power station regulating system;
automatic error message in case of deviations from set standards of
the power station regulating system;

archiving of all specification events of the network operator and the
corresponding control and regulation operations in monitoring for
subsequent verification of reaction times and yield losses.

DESCRIPTION OF EMBODIMENTS

[0032] The following draWings are used to describe the invention in greater detail.

[0Q33] Fig. 1 is a block diagram of a system for monitoring a regenerative energy generation
installation.

[0034] Fig. 2 is a block diagram of a power station regulating system.

[0035] The drawings merely serve the purpose of illustrating the invention and are not
intended as a limitation. The drawings and the individual parts are not necessarily to scale.
The same reference signs refer to same and similar parts.

[0036] Figure 1 schematically shows a block diagram of the system for dynamic monitoring
of a regenerative energy generation installation. As an example, the energy generation
installation may be a solar, wind or hydroelectric power station. The energy generation
installation comprises a plurality of energy generation units in the form of inverters. Such
inverters are regulated for adjusting the capacity (P, Q) and/or electrical parameters
(displacement factor, power factor, mains frequency and/or mains voltage) on the output or -
grid feed-in point of the energy generation installation to certain specifications. in a first step,
the system monitors the regenerative energy generation installation and, in a secand step,
the system regulates the installation.

[0037] The specifications may, for instance, be transmitted as individual values or common
vector by a superordinate system such as a grid control centre to the energy generation
installation or originate from a control computer of the energy generation installation. For the
reactive power Q, e.g. a fixed value or dependence on the aclive power supplied or on the
mains voltage can be specified. A specification to a fixed value or a specification to a certain
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reduction or increase within a certain time can be realised by the regulating device.

[0038] The specification or the set value is provided to the regulating device, e.g. a PID
controller, just like an actual value which is measured on the output or grid connection point
of the energy generation system by a transducer or measuring converter. The controller
controls several inverters which may also be of different design. For this purpose, one or
several interface units can be provided for operating the various logs or signal levels of the
inverters. The interface unit can be integrated into the controller or be a stand-alone unit.

[0039] The regulating systemn can receive measured values of the inverters in order to, e.g.,
integrate their availability, load, operating point into regulation for minimising losses. '
Furthermore, the controller can take into account passive power elements such as
transformers, lines, etc. and the topology such as different line lengths or qualities for
regulation in order to minimise losses.

[0040] This system regulates the distributed system of energy generation units in order to
prevent or minimise losses due to reduced feed-in or non-optimum use of the resources of
the energy generation installation.

[0041] Figure 2 shows a schematic representation of the power station regutating system,
i.e. the environment into which the system of Figure 1 is embedded. As an example, a
control centre of the grid operator comprising a control system communicates with the power
station regulating system in order to specify values and obtain information and measured
values on the state of the power station. To this end, the power station regulating system has
a control system interface. The communication between the control system interface and the
control system of the grid operator occurs via wired or wireless communication channels
known in the art.

[0042] The control system interface is directly or indirectly connected to the controller
functions of the power station regulating system. The controller functions correspond to the
inner part of the regulation loop of Figure 1, i.e. to the controller and the consideration of the
passive power elements according to Figure 1. The controller functions have one or several
bidirectional interfaces to the inverters as already discussed in Figure 1.

[0043] In addition, the controller functions have one or several bidirectional interfaces to the
power station monitoring in order to obtain and take into account information on the state of
the overall power station for regulation. Moreover, the controller functions can output values
and/or results from the regulating device to the power station monitoring such that the latter
can process them. :
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[0044] The controller functions have one or several bidirectional interfaces to special
measuring systems in order to be able to include further information into the regulating
device. The special measuring systems can e.g. comprise transducers monitoring the grid
feed-in point. The special measuring systems can provide further measured values from the
power station and extemal data, such as real-time insolation data, temperature influences,
wind measurement data and weather forecasts for intelligent regulation. Moreover, the
special measuring systems can provide all measured values, conditions or specifications
important for regulation to the controller functions.

{0045] As additional input data for the regulating device or the controller functions, energy
forecast values for both the primary energy supply (sun, heat, wind) and the load demand in
the energy grid (load profiles) are used. Such input data can be obtained via data interfaces
from the electric utility, power station operator or an external service provider and used for
regulating the installation.

[0046] Furthermore, energy storage concepts are integrated into the power station regulating
system. To this end, data interfaces are intended to energy storage systems such as
flywheel mass storage systems, battery systems, compressed-air storage systems, pumped-
storage systems, etc. Moreover, the system analyses requirements of the electric utility or
operator in order to provide energy quantities on a short- and medium-term basis via input
interfaces. The data and input interfaces can be analogous or digital. A feedback on the
amount of energy available in the storage systems and an intelligent estimate as to the
energy reserves to be expected in the forecast period is intended to be provided to the
electric utility, power station operator or other superordinate control system.

[0047] The system also regulates and monitors cogenerative systems. These are combined
systems of generation units with different primary energy sources. Thus, a complete
installation, comprising, e.g., photovoltaic inverters, wind turbines, a battery storage system
and emergency power system running on diesel, can be regulated and monitored by a
central controller to external requirements regarding active and reactive power, frequency
and mains voltage behaviour, etc.
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Claims

1. A system for regulating a regenerative energy generation installation comprising a
plurality of energy generation units, comprising

a signal input for receiving a pre-determined set value;

a measuring device for measuring an actual value at a grid connection point of the
energy generation installation; and

a regulating device for regulating the actual value to the set value by regulating the
individual energy generation units.

2. The system for dynamic regulation of a regenerative energy generation installation of
claim 1, wherein the regulated variables are active power, reactive power, displacement
factor, power factor, mains frequency and/or mains voltage.

3. The system for dynamic regulation of a regenerative energy generation installation of
claim 1 or 2, wherein the regulating device processes additional measured values of the
energy generation units.

4. The system for dynamic regulation of a regenerative energy generation installation of
any one of claims 1 to 3, comprising one or several interface units for different types of
energy generation units.

5. The system for dynamic regulation of a regenerative energy generation installation of
any one of claims 1 to 4, wherein passive elements of the energy generation installation are
taken into account for regulation.

6. The system for dynamic regulation of a regenerative energy generation installation of
any one of claims 1 to 5, comprising a signal output for information feedback to a
superordinate system.

7. The system for dynamic regulation of a regenerative energy generation installation of
any one of claims 1 to 6, wherein the set value is received by a superordinate system.

8. The system for dynamic regulation of a regenerative energy generation installation of

any one of claims 1 to 7, wherein the set value originates as individual values or a common
vector from a control computer of the energy generation installation.
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9. A regenerative energy generation installation comprising a plurality of energy
generation units, comprising a system for dynamic regulation of the energy generation
installation according to any one of claims 1 to 8.

10.  The regenerative energy generation installation of claim 9, wherein the energy
generation unit is an inverter or rectifier.

07 Aug 2013

~11.  The regenerative energy generation installation of claim 9 or 10, comprising a
photovoltaic energy generation installation.

12. A method for regulating a regenerative energy generation installation comprising a
plurality of energy generation units, with the following steps:

receiving a set value;

measuring an actual value at a grid connection point of the energy generation
installation; and

regulating the individual energy generation units for regulating the actual value to the
set value.

2010285341

13.  The regulating method of claim 12, wherein the set value is received by a
superordinate system.

14.  The regulating method of claim 12 or 13, wherein the current availability and load of
all installation components are included in a regulation calculation.

15.  The regulating method of any one of claims 12 to 14, wherein further measured
values from the energy generation installation and/or external measured values are

processed.

16. A system of regulating a regenerative energy generation installation, substantially as
described herein, with reference to the accompanying drawings.

17. A method for regulating a regenerative energy generation installation, substantially as
described herein, with reference to the accompanying drawings.
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