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Abstract

A method for operating a wind turbine or a wind farm having
wind turbines. The wind turbine(s) are operated with a
predetermined power curve. Electric power 1s generated once a
first wind speed 1s reached. A partial-load operation mode
occurs when the wind speed 1s between the first and second
wind speeds. A nomilinal power range operation occurs 1f the

wind speed 1s greater than the second wind speed. A proportion

of the generated power 1s consumed 1n a power-to-gas unit and
a proportion 1s fed into an electrical grid and set to be
constant for a predetermined time. Forecast power for a
forecast time period 1s determined based on wind forecast
data. When operation i1n the partial-locad operation mode
occurs, electric power produced beyvend the forecast power can
be transmitted to the power-to-gas unit. An object of the
invention 1s to stabilize electric power generated by wind

turbine(sgs) .
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Method for operating a wind turbine or a wind farm

Wind turbines or wind farms comprising a multiplicity

o~

of wind turbines have long been known in a wide variety

of forms, embodiments, slzes and variants.

A wind turbine 1s an 1installation which transforms

energy which 1s available in the wind into electrical

energy by conversion. This electrical energy 1is

primarily fed into an electric grid.

The known disadvantage of wind energy consists in that

it fluctuates with the wind, i.e. the electrical energy

generated by the wind turbine can fluctuate depending
on the present wind speed. However, this strictly

speaking only applies in the partial-load range, 1i.e.

in the range of the wind turbine between a first wind

speed (starting wind) and a second wind speed (nominal

wind). That 1s to say that if the wind strength 1is

greater than the nominal wind speed, fluctuations 1in

the wind speed which are above the nominal wind speed

ﬁ

do not result in any fluctuations in the generation of

the electrical energy because the wind turbine 1is

controlled, for example by setting the rotor blades of
the wind turbine, in such a way that the rotation speed
and/or the electric power generated remains virtually

constant.

—

However, 1f a wind turbine i1s in the partial-load range

p—

for the majority of its operation and in this partial-

load range the generated electric power of the wind

turbine also always fluctuates directly with the wind

speed, fluctuating power, 1.e. a fluctuating absolute

r—

value of the electric power (namely the active power),

1s also constantly fed into the grid with fluctuating

wind speed.
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—

Thus, wind turbines fail 1n terms of many

considerations with respect to grid management as

generators for a base load because it 1s not possible

gr-
e

to predict with sufficient probability the power input

ﬁ

of the wind turbine to the grid.

It would indeed now be theoretically possible to run a

wind turbine always suboptimally, for example never tO
run the wind turbine at the maximum power 1n the

partial-load range, but to operate it with a suboptimal

power output such that, in the event of fluctuations 1n

wind speed in the partial-load range, the rotor blades

of the wind turbine are always actuated 1n such a way

that the fluctuation in the wind speed 1is compensated

for and thus the wind turbine feeds a virtually

constant power input into the grid.

The disadvantage of such a solution consists, however,

in that even in the partial-load range of the wind

turbine, the wind energy output of the wind turbine

F

then always constantly needs to be readjusted, Ior

example by pitching the rotor blades or by actuating a

suitable generator countertorque or a corresponding

other measure, which firstly additionally costs energy

P

for the operation of a wind turbine and secondly also

continuously uses the corresponding component parts

such that ageing and wear of sald component parts 1S

accelerated.

However, primarily valuable inputs of power are lost 1n

—

the case of such an operating procedure and thus the

entire wind turbine will only have a relatively low

ﬁ g

level of efficiency.

The object of the present 1invention consists 1n

stabilizing the electric power output Dby the wind

turbines to the grid without having to accept the

disadvantages known from the prior art.
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The German Patent and Trademark Office has searched the
following prior art 1in the priority application with
respect to the present application: DE 27 51 341 Al, GB
2 263 734 A, DE 197 16 645 Al and US 2004/0267466 Al.
Finally, reference 1s also made to EP 1 739 824 A2 and
WO 2010/048706 Al as further prior art. EP 1 739 824
proposes (see fig. 6 therein) that for the case where,
in the partial-load operating mode, the wind farm power

increases, the power of the wind farm which is fed 1into

the grid does not 1increase as much as the wind farm

power, but the increase 1n the power fed into the grid
1s made more uniform by the controlled wuse of an

electrolysis device.

The object 1s achieved according to the 1invention
primarily by the features described below. Advantageous

developments are described below.

The present invention proposes ways 1n which the desire

for stabilization of the electric power of a wind
turbine can be 1mplemented 1in practice. In this
respect, a wind turbine or a wind farm (comprising a
multiplicity of wind turbines) can be operated together
with a power-to-gas unit. The power-to-gas unit
converts, for example, electric power 1into a fuel gas

(hydrogen, methane etc.).

It 1s c¢lear that the forecast for the output of
electric power of a wind turbine cannot be predicted
safely for all times since the wind will continue to
fluctuate and fluctuates at very different times of
day, fluctuates at very different times of year, and it
is therefore primarily relevant 1in accordance with the

invention for a reliable forecast time period to be

selected and for the power fed into the grid within

this forecast time period to have the desired value
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(forecast power), but in any case for this wvalue not tO

be undershot.

In this case, it 1is firstly to begin with not relevant

g

whether the total electric power of the wind turbine or

the wind farm 1is fed 1into the grid, but the wind

turbine or the wind farm, on the one hand, and the

power-to-gas unit, on the other hand, need to Dbe

considered as an entire unit from the grid side.

That 1s to say that it is wultimately relevant what
electric power is made available to the consumers which
are connected to the grid, and even when the power-to-
gas unit 1S connected to the grid, 1n this

consideration it is not considered to be a conventional

consumer, but a tool by means of which the electric

power which is made available to the grid by the wind

turbine or the wind farm can be kept constant.

T+ 1is therefore also irrelevant whether the electric

power which is drawn by the power-to-gas unit 1s drawn

fr—

from the electrical intermediate circuit of a wind

g

turbine or directly from the output of the wind turbine

farm or the power 1s first

..l

or from the output of a wind

— —
—

drawn from the grid if previously the total power oOr

the wind turbine or the wind farm has been fed 1nto the

grid.

Ultimately it is only electric power which 1s fed 1into

the grid and 1is not consumed by the power-to-gas unit

go—
p—

that 1is of relevance for the grid. If this electric

A

forecast power” or “base

power, also referred to as

load”, is (virtually) constant, the unit comprising the

wind turbine and the power-to-gas unit 1s therefore

capable of feeding a constant power 1nto the grid,

which makes it considerably easier for a grid operator

to control 1ts grid.
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N ﬁ

That is to say that if all power fluctuations of the

wind turbine or the wind farm which result from the

wind fluctuation are consumed in the power-to-gas unit,
this electric power which 1is not made avallable

ultimately to the grid is not lost but 1s merely

converted into another form, namely into a fuel gas,

for example hydrogen, methane or the 1like. In other

words: the power-to-gas unit 1s a conversion unit for

converting electric power 1into a fuel gas.

P

This fuel gas can be further-processed 1n a variliety of

ways, whether it be that it is stored or fed into a gas

grid. It is also possible for the power-to-gas unit to
have a controllable internal combustion engine, to
which an electric generator 1is connected on the output

side, with the result that again also electric power

can be generated with fuel gas which has previously

been produced and buffer-stored by the power-to-gas

unit, and this electric power, when the generator 1s

connected to the electric grid, can be fed 1into the

grid, if this 1s desirable.

F

In order that the consumption of the power-to-gas unit

can be controlled in a desirable manner, the power-to-

gas unit can be connected to the wind farm or the wind

turbine also over a data line.

Wind forecast data, for example from a weather control

center, weather station or the like, are now processed

in the wind turbine or in the wind farm, and a power

ﬁ

forecast 1s established on the basis of these wind

forecast data.

e

. for example, there is a wind forecast 1in accordance

with which the wind fluctuates constantly between © and

3 m/s for the next 30 minutes, i.e. in accordance with

the forecast the wind does not fall below 6 m/s or else

does not exceed 8 m/s, a reliable forecast can be
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established, for example, 1in accordance with which

#

electric power which, using the power curve of the wind

turbine or the wind farm as a basis, corresponds to an

.

electric power which 1is possible 1n the case of, for

example, 6 m/s or, 1if a certain safety margin 1s

- L

desired, 1in the case of, for example, a wind speed of

5.7 m/s, can safely be generated for the next 30

minutes.

This forecast wvalue 1s determined as the (forecast
power, and this value can also be transmitted over the

data 1line to the power-to-gas station and/or to a

controller or control center for <controlling the

electric graid.

During operation of the wind turbine or the wind farm,
the present power predetermined 1in each case Dby the
wind is now continuously also detected.

-

If, for example, a constant forecast power for a

predetermined time period, for example 30 minutes, has

F

been established on the basis of a wind speed of 5.7 m

per second and the present wind speed 1s at /./ m per

*

ferential absolute wvalue 1s therefore

second, the di:

2 m/s electric power equivalent, the electric power

which 1s at present made available to the power-to-gas

unit, this power 1is therefore also retrieved there as

consumption.

Since the present output power of the wind turbine or

of the wind farm 1s detected constantly, the power

whilch 1S apove the forecast pOWEY can also
correspondingly be supplied as a value constantly to

the  power-to-gas unit, 1.e. the electric power

generated by the wind turbine/the wind farm beyond the

forecast can be supplied to the power-to-gas unit, and

said power-to-gas unit 1is correspondingly controlled 1n

such a way that it always consumes the electric power
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which is no longer available to the consumers 1in the
grid but is intended to be consumed 1n the power-to-gas

unit in order that the unit comprising the wind turbilne

or wind farm, on the one hand, and the power-to-gas

unit, on the other hand, feeds a wvirtually constant

1)

electric power into the grid, from the polnt of view O:

the grid.

ﬁ

In a data processing device of the wind turblne or the

wind farm, therefore, new forecast POWErS for
predetermined (new) forecast t1me perl1ods are

determined continuously again and again and, when a

forecast time period has elapsed, the operation 1is

continued with a follow-on forecast time period 1n

which the power 1s then reset corresponding to the

present wind forecast.

It is also possible for the forecast time period 1itself

—

to be changed depending on the presence of the wind

forecast data, for example from 30 minutes to 20

minutes or from 30 minutes to 40 minutes, depending on

how reliable the forecast data which are made avallable

dre.

A wind turbine 1s electrically connected to the power-

to—-gas unit. In the exemplary embodiment, the

electrical connection comprises an electrical line

all

1)

which can equally also be embodied as part o

electric graid.

ﬁ

As described, a power-to-gas unit 1s capable of

generating gas from electric current, for example

hydrogen or methane or the like, 1.e. a gas which 1s

suitable for combustion, but primarily also as a fuel

for an engine. Large items of equipment, for example

“0or T he

L

cranes, trucks etc., are required 1n any case

installation of wind turbines or wind farms, which

gr—

items of equipment have until now generally been
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Ly -
p—

operated on diesel, gasoline or the like. If such items

r— ~—
—

of equipment are now converted for the combustion of

gas, for example CH; (methane), the gas which 1is

generated by the power-to-gas unit can also be used for
driving the items of equipment used to erect a wind
turbine.

—
-

1f, for example, a wind turbine is erected 1n a remote

area, the electrical energy which 1s generated Dby the

first wind turbine can be used in a power-to-gas unit

for generating the gas with the result that the other

wind turbines 1in the wind farm are erected using the

#

gas by virtue of the gas being made available to the

items of drive equipment, i.e. cranes, trucks, vehilcles

etc. which are required for erecting the wind turbines

g

of a wind farm. Therefore, the wind farm would not

require any fossil fuels for 1ts erection, but could be

erected using “green gas”, i.e., for example, wind gas
of the described type, which overall 1mproves the
ecobalance of the wind farm. It 1s precisely 1n remote
areas that it is frequently 1nconvenient, often

difficult, in any case to obtain fuels, and therefore

the fuels themselves are also very expensive and, owlng

F

to the generation of fuel in situ, to this extent the

costs for obtaining fuels which are required for the

items of equipment for erecting a wind farm can Dbe

reduced. If the power-to-gas unit is then accommodated

in a container or the like, once the wind farm has been
erected the container with the power-to-gas unit can Dbe

transported to the next site.

The invention will be explained in more detail below

with reference to an exemplary embodiment.

p——

Fig. 1 shows a schematic view of a wind turbilne,
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p—

Fig. 2 shows, schematically, an overview of a wind

turbine and a power-to-gas unit 1n accordance

with the 1nvention,

Fig. 3 shows a schematic illustration of an
electricity grid, a natural gas grid and

consumers,

Fig. 4 shows a schematic illustration of the method

according to the invention for operating a
wind turbine or a power-to-gas unilit 1n an

exemplary overview, and

Fig. 5 shows a power curve for a wind turbine.

Identical reference symbols can denote identical or

else similar, non-identical elements below. For reasons

of completeness, a wind turbine comprlsing a

synchronous generator and having a dearless concept

with a full converter will be explained below.

Fig. 1 shows, schematically, a wind turbine 1. In

particular, a pod of a gearless wind turbine 1s shown

as an example. The hub 2 is recognizable from the

spinner which 1s illustrated as being partially open.

Three rotor blades 4 are fastened at the hub 2, wherein

the rotor blades 4 are only illustrated in thelr region

close to the hub. The hub 2 with the rotor blades 4

forms an aerodynamic rotor 7. The hub 2 1s fixedly

ﬁ

connected mechanically to the rotor 6 of the generator,

which can also be referred to as armature o6 and 1s

referred to as armature 6 below. The armature 6 1S

mounted rotatably with respect to the stator 4.

The armature 6 1is energized during 1ts rotation

relative to the stator 8, generally with a direct

current, in order thus to generate a magnetic field and

to pbuild up a generator torque Or generator
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_10_

countertorque, which can also be set and changed

N

correspondingly by this field current. If the armature

6 1is thus electrically excited, 1ts rotation wilth

respect to the stator 8 generates an electrical field

in the stator 8 and thus an alternating electric

current.

The invention can be implemented not only with a

gearless wind turbine, but also with a gearable wind

turbine.

Fig. 2 shows, schematically, an overview of a wind

turbine and a power-to-gas unit in accordance wilth the

invention. In particular, said figure shows an overview

with a gearless rotor-generator coupling with frequency

measurement in a wind turbine with a power-to-gas unit

connected thereto.

The alternating current generated in the generator 10,

which substantially comprises the armature 6 and the

stator 8, is rectified via a rectifier 12 1in accordance

with the design shown in fig. 2. The rectified current

or the rectified voltage 1s then converted 1nto a

three-phase system with a desired frequency with the

aid of an inverter 14. The three-phase current-voltage

system thus generated is 1in particular stepped up 1n

—

terms of the voltage by means of a transformer 16 1n

order to be fed into a connected electricity grid 18.

Theoretically, it would also be possible to dispense

with the transformer 16 or to replace thils transformer

with an inductor. Generally, the demands for voltage 1in

the electricity grid 18 are such that stepping up by

means of a transformer 16 1s necessary, however.

A main controller 20, which is also referred to as maln

control unit and can form the highest-order regulation

—

and control unit of the wind turbine, 1s used for

control purposes. The main controller 20 receives 1ts
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- 11 -

information inter alia relating to the mains frequency

(but also mains voltage, phase angle, for example) from
the subordinate grid measurement unit 22. The mailn

controller 20 controls the inverter 14 and the

rectifier 12. In principle, it would naturally also be

possible for an uncontrolled rectifier to be used. In

addition, the main controller 20 can control a DC-to-DC

converter 24 for feeding the field current 1into the

g

armature 6, which is part of the generator 10. The main

controller 20 1inter alia modifies the feed or the

F

working point of the generator 10 1n the event that a

predetermined mains frequency limit value 1s undershot.

Since the generator 10 1s operated at a varilable

rotation speed, the feed into the grid 1is performed, as

described, by a full converter, which 1s substantially

formed by the rectifier 12 and the inverter 14.

During operation, the mains voltage and the mains

frequency of the grid measurement unit 22 are measured

——

permanently on three phases. In any case 1n the case of

ﬁb

a mains frequency of 50 Hz, every 3.3 ms a new value

e

for one of the three phase voltages results from the

measurement. The mains frequency 1s thus detected,

—

filtered and compared with preset limlt values IOr

every voltage half-cycle. For a 60 Hz system, a value

f-

for one of the three phase voltages would be avallable

Rl

approximately for every 2.7 ms, namely approximately at

cach zero crossing.

Fig. 2 also illustrates that the wind turbine 1 1s

electrically connected to a power-to-gas unit 23. The

power-to-gas unit 23 can be connected downstream of the

transformer 16 (or alternatively upstream thereof).

r-

Such a power-to-gas unit 23 (conversion unit for

converting electrical power into a combustible gas) as

e

such 1s already known 1in various forms, for example

from WO 2009/065577 as well. Such a power-to-gas unit
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- 12 -

23 1s also known from the company SolarFuel and 1is
l1llustrated schematically in fig. 3. It is initially
possible to generate hydrogen using such a power-to-gas
unit 23, for example by means of electrolysis, for
which purpose electric power 1is drawn from a wind
turbine 1, a solar source or a biomass source (with
electrical generation). The power-to-gas unit 23 can
also have a methanization unit, which uses the
generated hydrogen, using a CO, source, to produce
methane gas (CH;). The gas generated, whether it be
hydrogen or methane, can be passed to a gas storage
facility or fed into a gas pipeline grid, for example a

natural gas grid.

Finally, the power-to-gas unit 23 can also have a
controller 24 which 1S connected to the main
controller 20 of the wind turbine via a communications
line 26, whether this be a wired connection, for

example wavegulides, or a wireless connection.

For the electrolysis 1n the power-to-gas unit 23,
direct current 1s required which can be generated by
means of a rectifier which 1s connected to the electric
grid 18, for example, which converts an electric power
from the grid 18 into a direct current and therefore
makes electric power available to the electrolysis

device of the power-to-gas unit 23. In this case, the

rectifier can comprise, for example, IGBT (Insulated-

Gate Bilipolar Transistor) switches, thyristors or diodes
and has a control unit. The switches are generally
controlled 1n order to generate a direct current from

the alternating current which 1s drawn from the grid
18.

The power-to-gas unit 1s a unit 23 in which electrical
energy oOr power 1s consumed 1n order ultimately to

produce the gas (fuel gas).
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and

Fig. 3 shows a schematic illustration of an electricity

grid, a natural gas grid and consumers. In the example

illustrated, a combined-cycle power plant or an engine-

based cogeneration power plant 28 1s also formed 1in

which the combustion gas 1s combusted 1in an 1internal
combustion engine such that, 1n turn, electric power
can be generated in an electric generator connected to
the internal combustion engine, which electric power

can then again be made available to the electric grid.

The wind turbine 1 can be an individual 1installation,

F

but it can also be representative of a wind farm

P&

comprising a multiplicity of wind turbines.

The wind turbine has the main controller 20 with a data
processing device DV. This data processing device DV
has, inter alia, a data input 25, via which wind

forecast data are made available to the data processing

device DV. The data processing device DV produces a

power forecast from these wind forecast data for a

predetermined forecast time period, for example 20, 30,

40, 50 or 60 minutes or longer, and can also very

reliably determine a forecast power, 1.e. a minimum

electric power, which can ultimately be made availlable

to the grid reliably in the selected forecast time

period safely and constantly, on the basis of the power

'-v'

forecast produced owing to the processing of the power

curve, 1llustrated by way of example in fig. 5, of the

F

wind turbine 1 or the wind farm.

At the same time, the wind turbine 1 or the wind farm

always presently determines afresh, for example at

intervals of 5 to 10 seconds (or shorter), the present

gi—
p—ve

electric power of the wind turbine 1, which 1s

dependent on the present wind.

The values of the present power of the wind energy

which in this case is above the forecast power (minlmum
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power) are supplied, for example, as information, data,

signal etc. to the control and data processing device

)

24 of the power-to-gas unit 23, with the result that

the electrical consumption 1s predetermined for the

power-to-gas unit 23.

grr——

If, therefore, for example, in the wind turbine 1 or 1in

F

the wind farm a forecast power of 1 megawatt (MW) has

been established, but the wind turbine 1 or the wind

P

farm 1s at present generating a power of 1.3 MW, the

differential absolute value, i.e. 300 kW, 1s determined

as a value and the control and data processing device

24 of the power-to-gas unit 23 receilves this value as

control value, with the result that, correspondingly,

the power-to-gas unit 23 1s then operated with a

o

consumption of 300 kW.

If the wind decreases slightly and subsequently a

present power of only 1.2 MW now results, the

electrical consumption of the power-to-gas unit 23 also

g

decreases correspondingly to 200 kW; 1f the wind

increases such that the wind turbine or the wind farm

generates 1.4 MW, the consumption of the power-to-gas

unit increases correspondingly to 400 kW, etc.

Before the forecast time period has elapsed, a new

forecast is produced and, 1n turn, a new constant power

(new forecast power) is established for this new

-

forecast time period, with the result that, 1f at all,

-

the forecast power changes in the event of a transition

from one forecast time period to the next forecast time

period.

e

By virtue of the common communication line 26 between

R—

g—

the main controller 20 of the wind turbine 1 or the

wind farm, on the one hand, and the control and data

processing device 24 of the power-to-gas unit on the

other hand, it is also possible for present wind data
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- 15 -

or the data relating to the consumption power of the

power—-to-gas unit to be interchanged 1n order to thus

ensure the constant provision of the constant minimum

power fed into the electricity grid 18.

Moreover, the main controller 20 can additionally also

be connected to a controller 27 or a control center for

controlling the electric grid of the electriclty grid,

F

with the result that the value of the constant electric

feed into the electric grid can always Dbe retrieved

there or 1is always present there.

If the present wind speed and therefore the present

re——

generated electric power of the wind turbine 1 or the

wind farm falls Dbelow  the forecast  power, the

electrical consumption of the power-to-gas unit will be

driven to “zero” (or to a very low value) and at the
same time possibly a combined-cycle power plant or
engine-based cogenerated power plant 28 can be started
up 1in order to additionally make available electric
power which cannot be made available by the wind

turbine 1 or the wind farm, with the result that the

forecast electric power can still always rellably Dbe

made available to the electricity grid, and 1f required

even more than the forecast electric power by virtue

r—
p—

of, correspondingly, the comblined-cycle power

plant/engine-based cogenerated poOwWer plant being

operated at a higher power than 1s necessary.

o

Fig. 4 shows a schematic 1llustration of the method

according to the invention for operating a wind turbine
1 or a power-to-gas unit 23 in an exemplary overview

and 1in particular how the power 1inputs by the wind

r—

turbine 1 of the invention can be distributed.

In the exemplary overview shown in fig. 4, the power

which is generated by the wind turbine 1 over 30

minutes is shown and it 1s assumed, for simplification
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purposes, that the generated power corresponds exactly

L.

to that which has also been predicted by the forecast.

On the basis of the forecast, a predetermined forecast

electric power has been established. This forecast

electric power 1s also generated by the wind turbine 1

during the entire forecast time period and 1s made

available to the electricity grid 18 as constant power.

Owing to the fluctuations 1in the wind within the

forecast time period, the wind turbine 1 generates an

electric power which 1s higher than the forecast

F

electric power, however, and therefore the power of the

wind turbine 1 which 1s above the forecast electric

power is consumed in the power-to-gas unit 23, with the

result that, during the entire forecast time period,

the electric power fed into the electricity grid 18 Dby

the wind turbine can always be kept constant.

It goes without saying that, precisely 1n the example

shown, the forecast power can also be set higher, for

example if a shorter forecast time period, for example

20 minutes P20, 1s selected, with the result that, 1n

this case, a higher forecast electric power can be set

in accordance with the dash-dotted line.

Whether ultimately a higher forecast electric power P20

or a lower forecast power P30 1s set 1s critically also

dependent on what demand is predetermined by the grid

controller 27.

That is to say that if a longer forecast time period 1s

demanded, as 1in the example 1illustrated when a 30

minute forecast time period 1s demanded, only a

relatively low reliable forecast electric power can be

set. If, on the other hand, a constant forecast power

i 4

el

which is as high as possible 1is demanded, and the

forecast time period can be shortened in thils case,
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this can also be realilzed by establishing the forecast

power P20.

Fig. 5 shows, as 11lustrated, a typical power

characteristic (power curve) of a wind turbine 1. The
wind turbine 1 starts with the power generation when
the starting wind 1s reached, approximately 3 m/s in
the example. As the wind speed continues to 1ncrease,

the wind turbine 1 1is then 1n the so-called "“partial-

load operating mode” until the nomlnal wind speed, for
example approximately 13.5 m/s, 1s reached. At wind
speeds above the nominal operating mode, the wind
turbine 1s 1n the nominal operating mode, 1.€e.

generates 1ts maximum electric power.

The partial-load operating mode 1s of particular
interest because, 1n this operating mode, the electraic

power generated is dependent on the wind speed and when

the wind fluctuates over a certain time period, the

electric power generated by the wind turbine 1 or the

wind farm also fluctuates. It 1s also possible for the

power—-to-gas unit 23 to be controlled directly by the

grid controller 27 by a corresponding control line, for

example in order to preset the electric power drawn and

therefore consumed in the power-to-gas unit 23.

The invention relates to a method for controlling a

—
—

wind turbine or a wind farm and a power—-to-gas unit. If

the wind turbine generates more energy than 1t can feed
into the supply grid at that time, this excess energy

can then be used to supply electrical energy to the

power-to-gas unit, which is then used for converting or

ﬁ

generating fuel gas. In addition, on the Dbasis of a

wind forecast, a forecast can likewise be determined 1n

I

respect of the estimated achievable electric power of

i
p—

the wind turbine or the wind farm. If, however, during

the forecast time period there is more wind available

than origlinally forecast, the electrac poOwWer
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additionally generated by the wind turbine owing to the

higher wind speed can then not be fed 1nto the supply

grid, for example, but 1s transmitted to the power-to-
gas unit, which uses the electrical energy 1in order to

generate a fuel gas.

In accordance with one aspect of the present i1nvention,

for the case where the wind turbine 1s operated 1n a
partial-load operating mode (i.e. the wind speed 1s
greater than the starting wind speed but lower than the

nominal wind speed), that electric power which has been

produced beyond the forecast electric power can Dbe

transmitted to the power-to-gas unit.
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Claims

1. A method for operating a wind turbine or a wind
farm comprising a multiplicity of wind turbines, and a
power-to-gas unit electrically connected thereto, the
method comprising: generating with the wind turbine or
the wind farm electric power 1f there 1s wind and
feeding this power 1nto an electrical grid connected to
the wind turbine or to the wind farm,

wherein the wind turbine or the wind turbines of the
wind farm are operated with a predetermined power
curve,

wherein electric power 1s generated by the wind turbine
or the wind farm once a first wind speed has been
reached,

wherein the wind turbine or the wind farm is 1n a
partial-load operating mode as long as a speed of the
wind 1s between the first wind speed and a second wind
speed, and

wherein the wind turbine or the wind farm 1s 1n a
nominal power range when the wind speed 1s 1n a range
which 18 greater than the second wind speed,

wherein only a proportion of the electric power
generated by the wind turbine or the wind farm 1is
consumed 1n the power-to-gas unit, with a result that a
combustible gas 1s generated in the power-to-gas unit,
and

wherein the proportion of the electric power which 1is
generated by the wind turbine or the wind farm in the
partial-load operating mode and which 1s not consumed
in the power-to-gas unit but 1s fed 1nto the connected
electrical grid 1s set to be constant for =
predetermined time segment, and

wherein a data processing device 1s configured in the
wind turbine or 1n the wind farm such that wind
forecast data which apply to a predetermined time
period are processed 1n the data processing device, and

that a forecast value for the power which can be

CA 2858761 2017-11-16
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generated by the wind turbine or the wind farm for a
forecast time periliod 1s determined on the basis of the
wind forecast data, and

wherein when the wind turbine or the wind farm 1s
operated 1n the partial-load operating mode, electric
power produced beyond the forecast wvalue for the power

can be transmitted to the power-to-gas unit.

2. The method as claimed 1in claim 1,

wherein the wind turbine and the power-to-gas unit are
connected to one another via a data communication
device, and data from the wind turbine are transmitted
to the power-to-gas unit and are processed there for

controlling the power-to-gas unit.

3. The method as claimed in claim 1 or 2,
whereln the wind turbine and the power-to-gas unit are
arranged at a distance of from 500 m to 20 km to one

another.

4 . The method as claimed in any one of claims 1 to 3,

wherein the wind turbine and/or the wind farm transmits
data relating to a time perlod 1n which a constant
power 1s fed 1nto the connected electrical grid to a
data control center for controlling the c¢onnected

electrical grad.

5. The method as claimed in any one of clailms 1 to 4,
wherein control of the power-to-gas unit 1s dependent
on a prediction and present wind conditions and
therefore on present generation of electric energy or

power by the wind turbine or the wind farm.

6 . The method as claimed 1n c¢laim 1,

wherein the wind turbine or the wind farm constantly
determines the difference between present power,
predetermined by the wind, of the wind turbine or the

wind farm, on the one hand, and a present forecast

CA 2858761 2017-11-16
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value, on the other hand, and a determined differential

absolute value 1s transmitted as a control signal to
the power-to-gas unit, in which the transmitted

determined differential absolute value 1s processed for

controlling the power-to-gas unit, with a result that
the power-to-gas unit always draws the power which
corresponds to the determined differential absolute
value between the present power, predetermined by the
wind, of the wind turbine or the wind farm, and the

present forecast value.

7 . The method as claimed in any one of claims 1 to 6,

wherein the forecast time period 1s more than 10 min.

8 . The method as claimed in any one of claims 1 to 7,
wherein the wind turbine or the wind farm has a data
1nput, which 1s connected to a data processing system,

wherein the data i1input 1s connected to a controller or

control center for controlling the connected electrical
grid and a value which can replace the determined
differential absolute wvalue 1s predeterminable there,
and the determined differential absolute wvalue 1is
transmitted to the controller or control center for
controlling the connected electrical grid over a data

line.

9. The method as claimed in any one of claimsgs 1 to 8,

wherein the  power-to-gas unit has an  1nternal
combustion engine, to which the combustible gas
generated Dby the power-to-gas unit 1s supplied, a
generator 1s connected downstream of the engine and can
be used to generate electric energy or power which can
be fed 1nto the connected electrical grid, and the
internal combustion engine or the connected generator
generates electric power 1f the generated power of the
wind turbine or the wind farm remains belcw the
forecast value for the power for a predetermined time

pericd.

CA 2858761 2017-11-16
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