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Description

The present invention relates to a method for feeding electric power of at least
one wind turbine or one wind farm into an electric power supply network. The
present invention also relates to a wind turbine for feeding electric energy Iinto
an electric power supply network, and it relates to a wind farm which comprises
multiple wind turbines for feeding electric energy Into an electric power supply

network.

A wind turbine I1s schematically represented Iin Figure 1, and a wind farm 1Is

schematically represented in Figure 2.

Wind turbines are generally known and are used today principally for feeding
INnto an electric power supply network. In doing so, the wind turbine adapts the
current to be fed in to the electric power supply network according to frequency
and phase and taking into consideration the corresponding voltage. This Is a
pbasic requirement which must be fulfilled in any case and which i1s also fulfilled
by known wind turbines. The same applies to a wind farm which has multiple
wind turbines which collectively feed into an electric power supply network via
a shared network connection point (PCC). In this case, the wind farm feeds

Into the electric power supply network.

It has already been recognized some time ago that it may not only be desirable
to use the wind turbine or the wind farm to feed in as much electric power as
possible Into the power supply network, which Is also referred to below simply
as the 'network’, but also to use the wind turbine or the wind farm for supporting
the network. Patent applications US 6,784,564, US 6,891,281, US 6,965,174
and US 7,462,946 describe corresponding approaches. These applications al-
ready provide for varying the power to be fed In or the current to be fed In
according to the level and/or according to the type as a function of a voltage
or a frequency In the power supply network, in order to support the power sup-

ply network.
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Today, the situation exists In many countries in which wind turbines account
for an ever-greater proportion of the total capacity in a power supply network.
As a result, the necessity of supporting the network via wind turbines Is In-
creasing. The dominance of wind turbines In the network and thus their influ-
ence are also Increasing. Network support via the wind turbines or wind farms

IN the network may also be correspondingly effective.

The German Patent and Trade Mark Office has researched the following addi-
tional related art in the priority application for the present application: "Tech-
nische Richtlinie Erzeugungsanlagen am Mittelspannungsnetz' (Technical Di-
rective - Generation Facilities on the Medium-Voltage Network), BDEW (Ger-
man Association of Energy and Water Industries), June 2008 edition, and
"Transmission Code 2007, Network and System Rules of the German Trans-
mission System Operators', VDN (German Association of Network Operators),
August 2007 .

The published application DE 10 2008 017 715 A1 describes a method of op-
erating a wind turbine with a doubly-fed induction generator, having a network-

side and a generator-side converter, which are controlled by a controller.

The published application DE 10 2008 039 429 A1 describes a method for
controlling a wind farm consisting of several wind turbines, wherein the wind

park has a control input available by which desired control variables of the wind

park are adjustable.

European patent application EP 2 2/5 674 A2 describes a method of operating
a wind park, consisting of several wind turbines, wherein at least one of the
wind turbines of the wind park has a control input available, by which the elec-
trical power of the wind park or one or several individual wind turbine(s) are

adjustable In the range of 0 to 100% of the particular power to be provided.

US patent application US 2013/0015660 A1 describes a method for controlling

a wind park containing at least one wind turbine for feeding-in electrical power
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IN a power system, wherein the amount of the power fed-in Is adjusted accord-

INg to a voltage change.

US patent application US 2010/0207456 A1 describes a method for controlling
small distributed energy resources and corresponding loads, connected to an
electrical power system. At the same time, microsources are particularly con-

trolled, feeding In power at a particular frequency.

WO 2012/056564 describes a control system for a plurality of wind turbines,
which form a wind park, wherein the control system transmits data of a con-

trolled wind turbine to another wind turbine and receives data of another con-

trolled wind turbines.

CN 100566069 C describes a method of operating a wind park as well as such
a wind park. In the published application it is proposed to operate the wind park
with an increased power, whereby the power emitted by the wind park to the
grid 1s regulated or adjusted as a function of the network frequency of the elec-
trical grid. The object of the present invention is thus to address at least one of
the aforementioned problems. In particular, an approach iIs to be provided
which reflects or at least makes a contribution to the growing importance of
wind turbines for supporting the network. In particular, network support is to be
qualitatively and/or quantitatively improved via wind turbines or wind farms. At

least one alternative approach is to be provided.

According to the present invention, a method is provided according to Claim 1.
According to this [method], electric power of at least one wind turbine or one
wind farm Is fed into an electric power supply network. The power supply net-
work has a network voltage and a network frequency. The method Is suitable
for feeding Iin real electric power P as well as reactive electric power Q. The
method and accordingly, the wind turbine or the wind farm which implements
the method, Is thus suitable for feeding In real electric power as well as for

feeding In reactive electric power.
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The fed-in real power P Is adjustable as a function of at least one network state
via a real power control. Thus, the real power 1s not firmly specified or fed In
only as a function of the prevailing wind, but rather, it iIs adjusted as a function

of at least one network state, such as the network frequency:.

In addition or alternatively, the fed-in reactive power Q is not firmly specified,
but Is adjusted as a function of at least one network state, such as the network

voltage.

It 1S thus provided that the real power control Is variable according to type
and/or In Its parameterization. The dependence of the fed-in real power P on
the at least one network state, for example, the network frequency, may thus
be varied, even under constant wind conditions. For example, in one case, the
real power Is reduced with Increasing frequency as soon as the network fre-
quency Is 0.1 per cent above its nominal frequency, whereas In another case,
such a reduction occurs only If the network frequency has exceeded Its nomi-
nal value by 0.2 per cent. The slope of the subsequent frequency-dependent

reduction of the fed-in power may also be chosen differently.

The fed-in real power P may be a piecewise function of the network state, In
particular the network frequency, via a linear relationship. This piecewise linear
relationship may, for example, be changed into a nonlinear relationship, for
example, via a hysteresis function, which is an example of a change in the type
of the real power control. This may also be an analogous example of a change

IN the type of the reactive power control.

If, taking the above example, a piecewise linear relationship Is the basis, ac-
cording to an additional specific embodiment, its slope may be varied. This
may be an example of the variation of the parameterization of the real power

control, and analogously, the reactive power control.

In addition or alternatively, it is provided that the reactive power control Is var-

|lable according to type and/or its parameterization. The relationship between
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the reactive power Q and the at least one state, for example, the network volt-
age, may preferably be varied In its type and/or In its parameterization. For
examples of a variation according to type on the one hand, and Iin the param-
eterization on the other handg, reference Is made to the general examples

above for the variability of the real power control.

According to one specific embodiment, it is provided that the real power control
for the real power to be fed In specifies a desired real power value as a function
of at least one network state. The desired real power value Is specified In par-
ticular as a function of the network frequency, as a function of a change in the
network frequency and/or as a function of the network voltage. For this pur-
pose, the change In the network frequency may be defined or detected via a
gradient, 1.e., via a partial derivative of the change In frequency as a function

of time.

It Is preferably provided that the reactive power control for the reactive power
to be fed In specifies a desired reactive power value as a function of the at
least one network state. Correspondingly, the desired reactive power value is
thus In particular specified as a function of the network voltage, as a function
of the network frequency and/or as a function of a change in the network fre-

quency.

According to one specific embodiment, the real power control and, in addition
or alternatively, the reactive power control, Is changed as a function of the net-

work sensitivity.

Here, a network sensitivity Is understood to be the reaction of the network, In
particular with respect to the shared network connection point, to a change In
a variable which affects the network. The network sensitivity may be defined
as the difference of a network reaction with respect to a difference of a network
Influence variable. In particular, in the present case, a definition Is considered

with respect to the real power fed in and the level of the network voltage. The
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following simplified formula may, for example, be defined for the network sen-
sitivity NS:

AU
AP

NS =

Here, AP denotes the change in the fed-in real power, i.e., the fed-in farm
power, and AU denotes the resulting change Iin the network voltage U. These
differences are formed over a very brief period of time, In particular in the range
of one second or less, and a partial differential of the network voltage U may
advantageously also be correspondingly formed as a function of the farm
power P via the difference In the voltage with respect to the difference in the
power, Instead of this concrete formula. The change In the network frequency
f Is also considered as a network reaction. Another option for considering the

network sensitivity would be via the formula:

The network sensitivity Is thus preferably used as a measure of the real power
control to be chosen or to be changed and/or the reactive power control to be
chosen or to be changed. If the network sensitivity changes at least signifi-
cantly, the corresponding real power control and/or the corresponding reactive
power control may be changed In type and/or parameterization. A change In
the type corresponds to a change in the type of control, which Is used synon-

ymously here.

According to another specific embodiment, the real power control and/or the
reactive power control Is varied as a function of a short-circuit current ratio at

the feed-in point.

The short-circuit current ratio, which is also referred to as SCR (short-circuit

ratio), refers to the ratio of the short-circuit power to the connection power.
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Here, short-circuit power may be understood to be the power which the rele-
vant power supply network Is able to provide at the network connection point
under consideration, to which the wind turbine or the wind farm Is connected,
If a short circuit occurs at this network connection point. The connection power
IS the connection power of the connected wind turbine or the connected wind
farm and thus in particular the nominal power of the generator to be connected
or the sum of all nominal power outputs of the generators on the wind farm.
The short-circuit current ratio 1s thus a criterion for the strength of the electric
power supply network with respect to this network connection point under con-
sideration. A strong electric power supply network with respect to this network

connection point typically has a large short-circuit current ratio of, for example,
SCR =10 or greater.

It has been recognized that the short-circuit current ratio may also provided a
plece of information about the behaviour of the relevant power supply network

at the network connection point. The short-circuit current ratio may also vary.

When Installing a new wind farm or wind turbine, it iIs advantageous to take
INto consideration the short-circuit current ratio and to adapt the real power
control and the reactive power control to it. It Is preferably also recommended
to measure the short-circuit current ratio at regular intervals also after the In-
stallation and commissioning of a wind turbine or a wind farm. The short-circuit
power may, for example, be ascertained via information about the network to-
pology with the aid of a simulation. The connection power may be ascertained
simply via the knowledge of the installed wind turbines in a farm, and/or it may

be ascertained via the measurement of the fed-in power at nominal wind.

A connection power for the provided calculation and consideration of the short-
circuit current ratio Is preferably defined and calculated as the sum of the nom-
Inal power output of all of the respective wind turbines which are currently
avallable. Thus, inthe event of a failure of a wind turbine, the connection power

would change accordingly, at least temporarily. Thus, the short-circuit current
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ratio would also change, and a change In the real power control and/or the

reactive power control could thereby be triggered.

According to another specific embodiment, 1t I1s provided that the connection
power IS calculated as the sum of the currently available power output on the
wind farm taking into consideration the prevailing wind conditions, or that In-
stead of the connection power of the wind farm, the sum of the currently avail-
able power outputs of the wind farm i1s used for calculating the short-circuit
current ratio and/or Is used as a change criterion for changing the real power
control and/or the reactive power control. Therefore, the short-circuit current
ratio Is recalculated on this farm power thus ascertained, in order to determine
this change condition, or a change criterion may also be derived directly from

the power avallable In the farm.

For example, the switching condition may be one in which a parameter such
as an amplification factor or the slope of a function Is a function of the short-
circuit current ratio or another criterion. For example, a proportional depend-
ence could exist. As another example, which, however, Is not final, a limit value
may be determined and switched from one real power control to another real
power control, according to the type, If the short-circuit current ratio or another

criterion exceeds or falls below this limit value. The same applies to a change

IN the reactive power control.

A variation of the real power control and/or reactive power control preferably
takes place via an external specification, for example, via an external signal
which Is Input at a process computer which executes the real power control
and/or the reactive power control. Such a specification is preferably made by

a network operator which transmits such an external signal for this purpose.

One or multiple parameters may thereby also be changed, or a switch is made
to another type or another kind of real power control or reactive power control.

According to one specific embodiment, the desired new configuration of the
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respective real power control or reactive power control may also be transmit-
ted. Thus, parameters to be changed may be transmitted, or even a new algo-

rithm may be transmitted.

According to one embodiment of the present invention, it Is provided that the
fed-In real power and/or the fed-in reactive power Is adjusted as a function of
the network state via an adjustment function. In particular, such an adjustment
function outputs the desired value of the real power to be fed In or the reactive
power to be fed in as a function which depends on the network state. It iIs now
provided that this adjustment function Is varied or switched. For example, the
slope of this adjustment function may be changed piecewise, or a function type
other than the one previously used Is used as an adjustment function. The real
power control and/or the reactive power control Is thereby varied according to
type and/or In its parameterization. It I1s thus provided that functional relation-
ships are varied. Such a variation may also take place as a function of the
network sensitivity, a short-circuit current ratio, and/or an external specifica-

tion.

Another specific embodiment provides that the fed-in real power I1s reduced
with Increasing network frequency as soon as the network frequency exceeds
or reaches a threshold frequency value, and that the fed-in real power Is further
reduced until the frequency has reached an upper frequency value. A power
reduction which Is a piecewise function of frequency may thus be achieved.
For this purpose, It Is now provided that the slope of this power reduction Is
variable, in particular is a function of the aforementioned criteria. In addition or
alternatively, 1t Is provided that the frequency threshold is variable, and in ad-
dition or alternatively, the upper frequency value 1s to be variable. A frequency-
dependent real power change may be defined via these values, and these val-
ues, 1.e., the frequency from which a reduction 1s made, the frequency up to
which a reduction I1s made, and/or the intermediate slope to be provided, may

be varied.
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Concerning this specific embodiment, it is also provided to use it analogously
for a real power Increase In the case of decreasing network frequency. The

control behaviour Is thus comparatively easily variable via these few parame-

ters.

According to the present invention, a wind turbine I1s also provided which Is
suitable for iImplementing a method according to one of the described specific
embodiments. In particular, such a wind turbine has a corresponding process
computer and a corresponding frequency inverter which Is suitable for carrying
out such a reactive power feed-in and/or real power feed-in. In particular, the

inverter used or the wind turbine used should be FACTS-capable.

In addition, a wind farm Is provided which Is suitable for mplementing a method
according to one of the described specific embodiments. It I1s suitable In par-
ticular for feeding in real electric power and reactive electric power into a power
supply network and for using a variable real power control and/or a variable
reactive power control for this purpose. This wind farm preferably feeds Into
the power supply network via a shared network connection point. It is also ad-

vantageous for the wind farm if it is FACTS-capable.

The present invention 1s explained by way of example below based on specific

embodiments with reference to the accompanying figures.

Figure 1 schematically depicts a wind turbine.

Figure 2 schematically depicts a wind farm.

Figure 3 schematically depicts a wind turbine which uses a method according

to the present invention for feeding in, according to one specific embodiment.

Figure 4 shows two different kinds of adjustment functions illustratively and by

way of example for adjusting the power P as a function of the network fre-

quency.
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Figure 5 shows an adjustment function by way of example and illustratively for
adjusting the power P as a function of the network frequency f, having variation

options.

Figure 1 shows a wind turbine 100 having a tower 102 and a nacelle 104. A
rotor 106 having three rotor blades 108 and a spinner 110 are situated on the
nacelle 104. In operation, the wind causes the rotor 106 to rotate, thus driving
a generator in the nacelle 104.

Figure 2 shows a wind farm 112 having three wind turbines 100 by way of
example, which may be identical or different. The three wind turbines 100 thus
represent basically any number of wind turbines on a wind farm 112. The wind
turbines 100 provide their power, In particular the generated current, via an
electric farm network 114. The current and power generated by each of the
wind turbines 100 I1s added up, and a transformer 116 i1s typically provided
which steps up the voltage on the farm Iin order to feed into the power supply
network 120 at the feed-in point 118, which is generally referred to as the PCC.
Figure 2 1s only a simplified representation of a wind farm 112, which, for ex-
ample, does not depict a controller, although a controller is of course present.
The farm network 114 may, for example, also be designed differently, for ex-
ample, with a transformer being present at the output of each wind turbine 100,

Jjust to name one other exemplary embodiment.

Figure 3 lllustrates a wind turbine 100 which, for example, supplies a three-
phase generator current to a rectifier 2, which in turn i1s connected to an inverter
4 which generates a three-phase alternating current in order to feed it into an
electric power supply network 10 at a feed-in point 8 (PCC) via a transformer
6. The control of the Inverter 4 takes place via a control unit 12, which, for
example, may be designed as one or multiple process computers. The control
unit 12 also utilizes measured values relating to current and voltage according
to the amplitude, frequency, and phase of its three-phase output current. For

this purpose, a measurement feedback 14 is illustratively depicted.
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The structure of Figure 3 also illustrates that the control unit 12 takes into con-
sideration a desired power value and will correspondingly control the inverter
4 |n such a way that it outputs such a desired power P. The power P output by
the Inverter 4 is ideally identical to the desired power Pdesired, SO that P = Pdesired.
Furthermore, for the present cases, it may ideally be assumed that the gener-
ated power P Is also the [power] which Is fed into the network 10. In the present
case, losses during the feed-in and dynamic processes between the desired

power and the generated power are thus neglected.

The structure of Figure 3 now lllustrates that this desired real power value
Pdesired, @nd therefore ideally also the real power P to be fed In, are determined
or specified as a function of the frequency f. For this purpose, two adjustment
functions Fs1 and Fs2 are avallable, which are depicted here representatively
for additional adjustment functions. A switch S and a switch S' operating to-
gether with It are now shown, which Illustrate that, depending on the switch
position, 1.e., depending on the selection, the real power Pdesired may be spec-
ified via the first or second adjustment function Fs1 or Fs2. The selection option
via the switch S or S' is In this respect only an illustration, and such a selection
option may, for example, also be implemented In the control unit 12, so that
the control unit 12 thus receives the network frequency f directly. In addition,
such a switchover Is preferably implemented in the process computer, for ex-
ample, depending on a selected adjustment function, by [the process com-
puter] accessing a corresponding data memory In which the desired adjust-

ment function Is stored.

Figure 3 Iillustrates that an adjustment function for the real power to be fed In,
and thus a real power control, are variable. Here, a real power control iIs shown
by way of example as a function of the network frequency f. However, the |-
lJustration I1s also intended to represent a controller as a function of a different
network state, for example, the network voltage or a change In the network
frequency. Analogously, a reactive power control which 1s a function of a net-

work state may also be implemented as illustrated and described. Here as well,
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different network states may be used as an input value for the reactive power

control.

The chosen adjustment functions Fs1 and Fszillustrated in Figure 3 are shown
IN Figure 4 by way of example. Figure 4 thus shows by way of example two
adjustment functions Fs1 and Fs2. Both adjustment functions show the speci-
fled dependence of the real power P as a function of the network frequency f.
At a nominal network frequency fn, the power P has its nominal value Pn. In
this respect, Figure 4 I1s shown for the situation in which the prevailing wind
conditions make the feed-in at the nominal power Pn at all possible. If this Is
not possible, and it Is possible only to feed In less power because, for example,
the wind Is too weak, the relationship shown In Figure 4 1s also applicable to
this lower avallable power by, for example, using this [power] Instead of the

nominal value Pn shown.

The real power P Initially remains unvaried with increasing frequency f, until
the frequency f has reached the threshold frequency value fs. Then, the real
power P 1s reduced with additionally increasing frequency. This reduction now
occurs differently depending on the selected real power control and thus de-
pending on the selected adjustment function. The first adjustment function F s
shows a linear curve In which the real power P then decreases linearly to O
from the threshold frequency value fs up to the maximum frequency value fmax.
According to the other adjustment function shown, a curve Is provided In terms
of a quadratic function having a negative sign. This [function] also reduces the
real power P from the threshold frequency fs up to the maximum frequency fmax
to the power value of 0. However, the differently chosen curve provides the
option of a higher power feed-in, which is illustrated by the gap between these
two adjustment functions Fs1 and Fs2, which is labelled in Figure 4 as AP . The
different adjustment functions differ in this respect only in one section, and
according to the example shown, the adjustment function may In this respect
be changed pilecewise. The change takes place preferably as a function of a
network sensitivity or a specification of a network operator, just to name two

examples.
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It has thus been recognized that, depending on the situation which, for exam-
ple, may be assessed by the network operator, or which results from the net-
work sensitivity, a varied real power control may be chosen which enables a

higher power feed-in.

Instead of a variation via the choice of an entirely different adjustment function,
for example, a linear function on the one hand and a quadratic function on the
one hand, as lllustrated in Figure 4, it i1s also considered to leave the adjust-
ment function Fs basically unvaried, but to vary one or multiple parameters.
This 1s illustrated In Figure 5, and it I1s pointed out that the variation via the
changing of parameters Illustrated in Figure 5 may also be carried out by
switching between differently parameterized adjustment functions. In this re-
spect, reference I1s made to the explanation for Figure 3, which Is also applica-
ble In this case. However, on the other hand, each of the corresponding pa-
rameters may also be adjusted in the control unit or another process computer.
In any case, such a change i1s considered, for example, via an external speci-
fication by a network operator or the evaluation of a network sensitivity, just to

name two examples.

In this respect, Figure 5 illustrates a parameter change in an adjustment func-
tion Fs. This adjustment function Fs basically corresponds to the aqjustment
function Fs1 In Figure 4, the adjustment function Fs in Figure 5, however, Ini-
tially decreasing linearly from the threshold frequency value fs up to the maxi-
mum frequency value fmax to a minimum power value Pmin Which Is greater than
0. When this maximum frequency fmax IS reached, or immediately after it Is
exceeded, the power P then falls to 0. For this example provided, the first var-
lation option v1 that results Is the variation of the threshold frequency fs at
which the variation, I.e., the reduction of the power, starts, relative to an addi-
tionally increasing frequency f. As a second variation option vz, the option
exists of varying the maximum frequency value fmax. Finally, the minimum
power Pmin may also be varied, which is illustrated as variation option 3 vsa.
Apart from that, the slope of the linearly decreasing range of the adjustment

function Fs Is also varied via this third variation option va.
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Figures 3 through S illustrate the provided variation of the power controls as a
function of a network state by way of example by the variation of the real power
control as a function of the network frequency as a network state. However, In
the described manner or in an analogous manner, it Is also considered to vary
the real power control, and/or that instead of the frequency as the network

state and in addition to It, a change In frequency or a network voltage Is used.
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Patentkrav

1. Fremgangsmade til tilfarsel af elektrisk effekt fra mindst et vindenergianleeg
(100) eller en vindpark (112) til et elektrisk forsyningsnet (120) med en net-
spaending (U) og en netfrekvens (f), hvor

- elektrisk virkeeffekt (P) og/eller elektrisk blindeffekt (Q) tiferes og

- den tilfarte virkeeffekt (P) indstilles via en virkeeffektstyreenhed afhaengigt af
mindst en nettilstand og/eller

- den tilfarte blindeffekt (Q) indstilles via en blindeffektstyreenhed afhaengigt af
mindst en nettilstand.,

kendetegnet ved, at

- den tilferte virkeeffekt (P) og/eller den tilfarte blindeffekt (Q) indstilles via en
iIndstillingsfunktion (Fs1, Fs2) afhaengigt af nettilstanden, hvor

- Indstillingsfunktionen udlaeser en indstillingsveerdi af hhv. den virkeeffekt, der
skal tilferes, og den blindeffekt, der skal tilfares, som en funktion, der er af-
haengig af nettilstanden, og

- indstillingsfunktionen med henblik pa indstilling af hhv. den tilfarte virkeeffekt
(P) og den tilf@rte blindeffekt (Q) aendres eller skiftes afhaengigt af en netfal-
somhed.,

hvor netfalsomheden NS er defineret af formlen:

hvor AP er eendringen | en tilfart virkeeffekt, AU er en resulterende aendring |
netspaendingen, og Af er en resulterende aendring | netfrekvensen.

2. Fremgangsmade ifelge krav 1, kendetegnet ved, at
virkeeffektstyreenheden og/eller blindeffektstyreenheden eendres afhaengigt af
- et kortslutningsstremforhold (SCR) og/eller

- en ekstern angivelse, iseer via et eksternt signal.
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3. Fremgangsmade ifelge krav 1 eller 2,

kendetegnet ved, at

den tilferte virkeeffekt (P) reduceres med stigende netfrekvens (f), sa snart
S netfrekvensen (f) har overskredet en frekvenstaeerskelveerdi (fs), og indtil den

har naet en @vre frekvensveerdi (fmax), 0g at stigningen i den netfrekvensaf-

haengige reducering og/eller frekvensteerskelveerdien (fs) og/eller den @avre fre-

kvensveerdi (fmax) kan eendres.

10 4. VVindenergianleeg (100) til tilfersel af elektrisk effekt (P) til et elektrisk forsy-
ningsnet (120), hvor
vindenergianleegget (100) er forberedt til at tilfere elektrisk effekt (P) 1 henhold
til en fremgangsmade ifalge et af kravene 1 til 3 til det elektriske forsyningsnet
(120).
15
5. Vindpark (112) til tilfersel af elektrisk effekt (P) til et elektrisk forsyningsnet
(120), hvor
vindparken (112) er forberedt til at tilfare elektrisk effekt (P) 1 henhold til en
fremgangsmade ifelge et af kravene 1 til 3 til det elektriske forsyningsnet
20 (120).
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