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(57) Abstract: The present invention relates to a photovoltaic power installation configured to deliver power to a power distribution
grid at a point of common coupling, the photovoltaic power installation comprising means for determining an amount of self-con -
sumed power of the photovoltaic power installation, and a first power inverter configured to generate power in accordance with 1)
the determined amount of self-consumed power, and 2) a power level to be delivered at the point of common coupling. The inven -
tion further relates to an associated method.
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PHOTOVOLTAIC-BASED POWER SYSTEM

FIELD OF THE INVENTION

The present invention relates to a photovoltaic power distribution system. In particular,
the present invention relates to a dynamic photovoltaic power distribution system taking

into account the power consumption of the power distribution system itself.

BACKGROUND OF THE INVENTION

Photovoltaic (PV) power installations are becoming more or more popular both in relation
to domestic installations and industrial installations. However, PV power installations of
today are not used in an efficient manner due to a lack of control of the installation’s

own power consumption.
It may be seen as an object of embodiments of the present invention to provide a PV
power distribution system that constantly delivers a predetermined amount of power at

a point of common coupling.

It may be seen as a further object of embodiments of the present invention to provide a
PV power distribution system that takes into account or compensates for the system’s
own consumption of power.

DESCRIPTION OF THE INVENTION

The above-mentioned objects are complied with by providing, in a first aspect, a
photovoltaic power installation configured to deliver power to a power distribution grid at

a point of common coupling, the photovoltaic power installation comprising

- means for determining an amount of self-consumed power of the photovoltaic

power installation, and

- afirst power inverter configured to generate power in accordance with

- the determined amount of self-consumed power, and

- apredetermined power level to be delivered at the point of common

coupling in accordance with a power reference.
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It is an advantage of the photovoltaic (PV) power installation of the present invention
that it may ensure that a predetermined power level delivered at the point of common
coupling (PCC) complies with a power reference. Thus, the PV power installation of the
present invention may compensate for fluctuations, intended or unintended, in the

amount of self-consumed power.

The power reference may be provided to the installation is various ways, such as by
wireless or wired communication from the operator of the power grid or by the provision

of one or more relays by the said operator of the power grid.

As an example the power reference may set a curtailment to a level of 70% of the
nominal power level of the installation. This may imply that a power level of 70% of the
nominal capacity of the installation is to be delivered at the PCC. For a 10 kW installation
this corresponds to a maximum of 7 kW which is fed into the power grid until the power
reference is changed. Alternatively, the power reference may be provided as an absolute
value, such as for example a fixed value of 7 kW, or a value based on the installation’s
nominal power, name-plate power, acquired measured power, or on STC (Standard
Test Conditions) of PV modules. Other alternatives for the power reference value may be
dynamic values, such as those based on the time of day or year (schedule-based), or
input obtained through an MMI (Man-Machine Interface) such as a display, personal

computer, tablet computer or smartphone.

The PV power installation of the present invention may be a domestic installation, i.e. an
installation typically having a capacity below 10 KW. Alternatively, the power installation

may form part of a larger industrial installation.

The amount of self-consumed power may be determined in different ways. Firstly, the
amount of self-consumed power may be measured directly within the installation by
appropriate measuring means. Secondly, the amount of self-consumed power may be
calculated from other power measurements within the installation. In this scenario the
determining means may comprise the following measuring means; means for measuring
a power level produced by the photovoltaic power installation and means for measuring

a power level delivered at the PCC.

The photovoltaic power installation may further comprise a second power inverter
interconnected to the first power inverter via a data network, such as an Ethernet-based
or wireless network. In this scenario the first power inverter may be configured as a

master power inverter, and the second power inverter is configured as a slave power
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inverter. Obviously, additional slave power inverters being controllable by the master
power inverter may be provided as well. The master inverter may be configured to
provide output power references to the slave inverter in accordance with the determined

amount of self-consumed power and the power reference.

The master power inverter may be configured to receive and process information about
the determined amount of self-consumed power. This information may originate from a
direct measurement of self-consumed power, or it may originate from indirect
measurements upon which the self-consumed power is calculated. Moreover, the master
inverter may be configured to receive and process the power reference. The power
reference may be received via a wireless receiver means, such as a radio receiver. As an
example, a distribution network operator may provide a fixed or a dynamic power
reference to the installation via the wireless receiver means, or alternatively via a wired
connection. Alternatively, the power reference may be provided locally by the user or

owner of the installation in agreement with the relevant authorities.

The means for measuring a power level produced by the photovoltaic power installation

may form an integral part of the first power inverter.

In a second aspect, the present invention relates to a method for operating a
photovoltaic power installation configured to deliver power to a power distribution grid at

a point of common coupling, the method comprising the steps of

- determining an amount of self-consumed power of the photovoltaic installation,

and

- operating one or more power inverters of the photovoltaic power installation in

accordance with

- the determined amount of self-consumed power, and

- apower level to be delivered at the point of common coupling in accordance with

a power reference.

Thus, the method of the second aspect is concerned with the use of the photovoltaic
power installation of the first aspect. For that reason the configuration and
implementation of the installation may be similar to what has been disclosed in

connection with the first aspect.
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Generally, information about the determined amount of self-consumed power and the
power reference may be provided to a master power inverter among the one or more
power inverters. Said master power inverter may provide output power references to
one or more slave power inverters among the one or more power inverters in
accordance with the determined amount of self-consumed power and in accordance with
the power reference. The power reference of the master inverter may be provided to the
one or more slave inverters via a data network, such as an Ethernet-based or wireless

network.

The properties of the power reference may be as disclosed in connection with the first
aspect. Thus, the power reference may be a fixed or a dynamic power reference
provided by an operator of the power distribution grid or a local user of the installation.
As mentioned earlier the power reference may reflect a percentage of a nominal power
capacity of the photovoltaic power installation or it may be provided as an absolute

value. In both cases the power reference may be a fixed or a dynamic value.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in further details with reference to the

accompanying figures, where

Fig. 1 shows a schematic of a simple power installation, and

Fig. 2 shows a schematic of a master/slave power installation.

While the invention is susceptible to various modifications and alternative forms, specific
embodiments have been shown by way of examples in the drawings and will be
described in detail herein. It should be understood, however, that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention is to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION
In its most general aspect the present invention relates to a PV power installation that is

capable of maintaining a predetermined power level at a PCC independent of an actual

level of self-consumed power.
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Referring now to Fig. 1 a schematic of a PV power installation 100 according to the
present invention is depicted. As depicted in Fig. 1 the installation 100 comprises a PV
array 101 which is connected to a power inverter 102. The power inverter 102 is
configured to convert DC power from the PV array 101, or any other DC energy sources,
to AC power, such as single or multiphase AC power. The installation is adapted to feed
power, such as three-phase AC power, into a power grid (not shown}) via PCC 107. The

power may optionally be fed into the power grid via a grid transformer (not shown).

The PV power installation 100 has a self-consumption of power indicated by bulb 103.
The term self-consumption should here be understood as in principle any kind of drawing
of power from between the power inverter 102 and the PCC 107. The power may be

drawn from a single phase or from a plurality of phases.

According to the present invention, the amount of self-consumed power must be
determined. Still referring to Fig. 1, this determination can be performed in various
ways. Firstly, the amount of self-consumed power may be measured directly by power
meter 105. Alternatively, the amount of self-consumed power may be determined by
subtracting the power level measured by meter 106 from the power level measured by
meter 104 while noting that meter 104 may optionally be integrated in the power

inverter 102. In any case the following expression applies:

P

Inverter — Pself + PPCC
where Pverter 1S the inverter generated power, Py is the self-consumed power and Ppgg

is the amount of power delivered at the PCC.

Information relating to the amount of self-consumed power is provided to or calculated
by the power inverter 102 or to a controller (not shown) for further data processing. The
power inverter 102 or the controller may use this information for controlling the power
output of the power inverter 102 or for controlling a total amount of self-consumed
power. The latter may involve activation or deactivation of for example home or
industrial appliances in order to increase or decrease the consumed amount of power,

respectively.

Referring now to Fig. 2, a PV power installation 200 comprising a master inverter 201
and a slave inverter 202 is depicted. Additional slave power inverters may optionally be

provided. The master and slave power inverters communicate via an Ethernet, or similar
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communication network 208, such as RS485, Bluetooth, ZigBee, Zeeware etc. The AC
power generated by inverters 201, 202 is fed to the PCC via the internal power grid 210.
The power inverters 201, 202 are fed from respective PV modules/arrays 212, 213. A
wireless receiver 208, such as a radio receiver, which is adapted to receive a power
reference, is connected to the master power inverter 201 via communication link 211.

The power reference may alternatively be provided via a wired connection.

The power reference may be provided by the operator of the power distribution grid.
Alternative, the power reference may be provided by a local user of the installation in
agreement with the relevant authorities. The local user may enter the power reference
into the installation by using a keyboard or touchscreen of the installation. As previously
discussed this power reference may be a fixed reference or a dynamic reference. The
power reference itself may reflect various parameters, such as an amount of power
(fixed or variable) to be delivered at the PCC, a percentage of the nominal capacity of

the installation (i.e. power a curtailment level) etc.

Results of various power measurements within the installation are provided from
measuring devices 203, 204, 205 to the master power inverter 201 via a common
communication link 209. Only two of the measuring devices are needed in order to gain
the required power information. The installation’s self-consumption is illustrated by bulb
207.

The master power inverter 201 is capable of controlling the slave power inverter 202 via
communication link 208. Thus, the master power inverter 201 controls its own power
production as well as the power production of the slave power inverter 202 (and

additional slave inverters as well) using at least one of the following control parameters:
1. The available amount of power from the PV module/array
2. The power reference
3. The amount of self-consumed power
The nominal power capacity of each power inverter may vary from a few kW to, in
principle, any capacity. Also, the nominal power capacity of the installation as a whole

may be tuned to specific purposes by selecting an appropriate number of power

inverters.
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The applicability of the PV power installation according to the invention is huge, and it
may thus cover the following approaches in which the availability of measurements of
two of: 1) the available amount of power from the PV module/array, 2) the power supplied
at the point of common coupling and 3) the amount of self-consumed power together with
the power reference enable the PV power installation to control the self-consumed power so

that some optimum state is achieved.

This optimum state may be, for example, that as much power is generated by the PV
module/array whilst complying the curtailment level in force. As an example the power
reference may set a curtailment to a level of 70% of the nominal power level of the
installation. This may imply that a power level of 70% of the nominal capacity of the
installation is to be delivered at the PCC. For a 10 kW installation this corresponds to a
maximum of 7 KW which is fed into the power grid until the power reference is changed.
In the case that the installation is capable of generating, for example, 9 kW at a
particular point in time, selected consumer devices, such as home or industrial
appliances, may be activated automatically by the installation. In this example the total
power consumption of the selected consumer devices must be kept above 2 kW in order
to comply with the curtailment level of 70% whilst simultaneously allowing the PV

module/array to generate as much of the 9 kW available at the time as possible.

Approaches suitable for realising this method include the following:

Active timing of home appliances

This approach is considered the easiest way to increase the self-consumption of the
installation. It only requires a small change in consumer’s behaviour, namely that the
consumer delays the start of a certain appliance, i.e. the consumer does not start a
certain appliance immediately that the appliance is ready. Instead the consumer
programs a starting time of the appliance depending on the PV power installation and
season. This approach may be relevant for washing of clothes loaded into the washing

machines.

Use of signalling output of power inverter based on available PV power

Home appliance devices of today, such as washing machines and clothes dryers, have
built-in delay functions. It is expected that these home appliance device will be prepared
for external triggering in the future. Thus, in case a master power inverter is capable of

generating triggering signals for external use the PV power installation may trigger, and
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thereby start, home appliance devices, such as washing machines, clothes dryers etc., at

appropriate time periods, such as during period with high power production.

Utilization of signalling by PV inverter based on PV production and on power flow at PCC

This control scheme involves external information from power meters, power production,
the existence of a power curtailment (remote or local, temporary or constant)
requirement, as well as information, such as the time of day, season, load profile,
consumption of home appliances and specific/historical data (i.e. production and load
profiles) if available. The available information is applied in order to decide which home
appliance it would be optimal to use, and subsequently signal (by visualization, SMS,
relay or direct control) that a particular home appliance or appliances, or a sequence of
home appliances, should be turned on or off. The described approach could also be used
when power curtailment is applied at the PCC to evaluate the true generation plant

maximum output power.

Another way of signalling is visualization to the end user. This could be done in a variety
of ways, such as a warning light (light bulb, LED etc.), push notification, Twitter, sending
an SMS etc. This method of signalling overcomes the problem that home appliances are
not currently remotely controllable, i.e. directly triggerable using a trigger signal.
Instead this method makes use of the fact that the end user, or someone in the end
user’s family, might be at home, and thereby able to turn on the relevant home

appliances.
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CLAIMS

1. A photovoltaic power installation configured to deliver power to a power distribution

grid at a point of common coupling, the photovoltaic power installation comprising

- means for determining an amount of self-consumed power of the photovoltaic
power installation, and
- afirst power inverter configured to generate power in accordance with
- the determined amount of self-consumed power, and
- apower level to be delivered at the point of common coupling in

accordance with a power reference.

2. A photovoltaic power installation according to claim 1, further comprising a second
power inverter interconnected to the first power inverter via a data network, such as an

Ethernet-based or wireless network.

3. A photovoltaic power installation according to claim 2, wherein the first power inverter
is configured as a master power inverter, and the second power inverter is configured as

a slave power inverter.

4. A photovoltaic power installation according to claim 3, further comprising additional

slave power inverters being controllable by the master power inverter.

5. A photovoltaic power installation according to claim 3 or 4, wherein the master power
inverter is configured to receive and process information about the determined amount

of self-consumed power.

6. A photovoltaic power installation according to any of claims 3-5, wherein the master

inverter is configured to receive and process the power reference.

7. A photovoltaic power installation according to any of claims 3-6, wherein the master
inverter is configured to provide output power references to slave inverter(s) in
accordance with the determined amount of self-consumed power and the power

reference.

8. A photovoltaic power installation according to any of the preceding claims, further

comprising receiver means for receiving the power reference.
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9. A photovoltaic power installation according to any of the preceding claims, wherein
the determining means comprises at least two of the following measuring means; means
for measuring a power level produced by the photovoltaic installation, means for
measuring the self-consumption, means for measuring a power level delivered at the

point of common coupling.

10. A photovoltaic power installation according to claim 9, wherein the means for
measuring a power level produced by the photovoltaic power installation forms an
integral part of the first power inverter.

11. A method for operating a photovoltaic power installation configured to deliver power
to a power distribution grid at a point of common coupling, the method comprising the

steps of

- determining an amount of self-consumed power of the photovoltaic installation,
and
- operating one or more power inverters of the photovoltaic power installation in
accordance with
- the determined amount of self-consumed power, and
- apower level to be delivered at the point of common coupling in

accordance with a power reference.

12. A method according to claim 11, wherein information about the determined amount
of self-consumed power and the power reference are provided to a master power

inverter among the one or more power inverters.

13. A method according to claim 12, wherein the master power inverter provides output
power references to one or more slave power inverters among the one or more power
inverters in accordance with the determined amount of self-consumed power and in
accordance with the power reference via a data network, such as an Ethernet-based or

a wireless network.

14. A method according to any of claims 11-13, wherein the power reference varies over
time, and wherein the power reference is given as a percentage of a nominal power

capacity of the photovoltaic installation.

15. A method according to claim 14, wherein the power reference is provided remotely

by an operator of the power distribution grid.
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16. A method according to claim 14, wherein the power reference is provided locally by a

user of the installation.

17. A method according to any of claims 10-15, further comprising the step of
calculating the power level at the point of common coupling as a difference between a
produced total power level of the photovoltaic power installation and the determined

amount of self-consumed power.
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