ENERGINE'I/DK

Guidelines on the calcula

Techni
for wind po

re

; . 15.12.2014(15.12.2014(15.12.2014(15.12.2014| DATE
ished UK edition
KDJ XLOC BIA TSK NAME

REV. | DESCRIPTION PREPARED CHECKED REVIEWED APPROVED

13/96336-37

© Energinet.dk


mailto:info%40energinet.dk?subject=Ordering%20accessible%20document&body=Send%20this%20e-mail%20to%20order%20an%20accessible%20version%20of%20the%20following%20document%3a%0D%0A%0D%0Atlupvzaa%5cTechnical%20regulation%203_2_5%20Guidelines%20on%20the%20calculation%20of%20power%20quality%20parameters%20-%20revision%200.pdf%0D%0A%0D%0AKind%20regards%0D%0AEnerginet

Revision view

Revision view

Section no. | Text Revision Date

New document, UK edition 0

Ny

Doc. 13/96336-37 Guidelines on the calculation of power quality parameters - TR 3.2.5 2/11



Table of contents

Table of contents

L2 CEL YA 3 101 TNV =1 2

B I= 1 0] L0 oo ] ) (=] g} o= 3

Reading iNStrUCHIONS ...viiii i e

1.

Examples of the calculation of power quality parameters......................

1.1 Example 1 - calculation of rapid voltage changes .....................
1.2 Example 2 - calculation of flicker during continuous operation ..
1.3 Example 3 - calculation of flicker when connections are made....

1.4 Example 4 - calculation of harmonic distortions..............

Examples of the calculation of limit values.........cccoevvvevin el

2.1 Determination of flicker limit values. ...l
2.2 Example 1 - calculation of flicker limit value .....€a............
2.3 Determination of limit values for harmonic distorti

2.4 Example 2 - calculation of limit value for harmonics 5% ...
2.5 Determination of limit values for inter i

2.6 Determination of limit values for dis

Approximate model for the frequency de

Doc. 13/96336-37 Guidelines on the calculation of power quality parameters - TR 3.2.5 3/11



Reading instructions

Reading instructions

These guidelines have been prepared as an aid for calculating the power quality pa-
rameters required in order to document compliance with the requirements for power
quality in accordance with TR 3.2.5.

The document contains examples of the calculation of the power quality parameters
that are relevant to wind power plants.

References to applicable standards are indicated in TR 3.2.5.

Applicable abbreviations are also indicated in TR 3.2.5. @Q
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Examples of the calculation of power quality parameters

1. Examples of the calculation of power quality pa-
rameters

1.1 Example 1 - calculation of rapid voltage changes
A wind power plant with a rated power of 1 MW (category B) is connected to the
public electricity supply grid at 10 kV level.

The electricity supply undertaking has calculated a short-circuit power of 50 MVA
and a short-circuit angle of 84° in the point of connection.

It can be seen from the type test for the relevant wind turbine that the voltag
change factor at this angle is 0.5.

The size of the voltage change is then calculated as:

S 1
d(9%)=100% - k - =100%-0.5-—
(%) ok, () s, 0-0.5-—

the limit values, the requirement regarding flicker dur-
can therefore be regarded as having been complied

The electricity supply undertaking has calculated a short-circuit power of 50 MVA
and a short-circuit angle of 84° in the point of connection. 1t can be seen from
the data sheet for the IEC 61400-21 type test which is included in the type ap-
proval for the wind turbine that the flicker step factor is 0.1.
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Examples of the calculation of power quality parameters

Assuming that there is a maximum of two connections per hour, the flicker con-
tribution can then be calculated as:

S .
n_§.4971.0.1. = =002
s, 50

Plt,i =8 Plt(?l ) kf,i (l//k )

As the calculated value is below the limit value, the requirement regarding flick-
er during continuous operation can be considered as having been complied with.

1.4 Example 4 - calculation of harmonic distortions
Two wind turbines of 15 kW each (category A) with a rated current of 22A a
harmonics 5 and 7 of 0.31% and 0.36%, respectively, as well as two
bines of 12.5 kW each (category A) with a rated current of 19A and
and 7 of 0.29% and 0.33%, respectively.

First, calculate /, for all harmonic currents for each wind turbi

_ Ih,i /In,z[%] I
100 "

h,i

I =231 2042006824
7100

:I_h.l()()%
1

n

L/ =%-100= 0.20% ; I,/1, =%-100= 0.23%
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Examples of the calculation of limit values

2. Examples of the calculation of limit values
This section provides guidelines on how to determine limit values, illustrated by
practical examples.

2.1 Determination of flicker limit values.

If the connected rated power is lower than 0.4% of the minimum short-circuit
power in the point of connection, the wind power plant can be connected without
any additional examinations being performed.

If the connected power is greater than 0.4% of the minimum short-circuit po
in the point of connection, the following procedure must be applied:

Category A and B wind power plants
The limit values indicated in TR 3.2.5, section 4, can be applied di

Category C and D wind power plants
The limit value Py, for the emission from the wind power plant, i,
as:

where:

2nt fluctuating production, including S;,
which is expe ed to the public electricity supply grid at the
same substation.

Gst Glt

- 0.50

U,< 150 kv - 0.35
150 kV 0.30 0.20

rrent production is 0.5 MW for the same 10 kV radial to which the
plant is to be connected. Based on this information, the limit value can be calcu-
lated on the basis of the planning value in table 1 as follows:

Py =05 2 MW = 0.464
i =2 DMW+ 05 MW
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Examples of the calculation of limit values

2.3 Determination of limit values for harmonic distortions
For calculating emission limits for harmonic distortions at medium-voltage level,
use the expression:

\/ Ty v LZv,h A o
Slast +Spmd
where:
En,i: Emission limit for harmonic voltage for plants i
a. Exponent, in accordance with these technical regulations
Lmy,h: Planning value for the h order at medium-voltage level
Liv,h: Planning value for the h order at high-voltage level
Thy-mv: Transmission factor for the h order at high-voltag
voltage level
S Apparent power for connected plant i
Sioad Apparent power for the total load conne
er, incl. expected new load
Sprod Apparent power for the total har

connected under the transforme

The reason for introducing Tyy.my is that
ted d|rectly between the high-voltage and ids. The Thy-mv

g on the type of transformer and the short-
elevant point of connection.

voltage grid. This
circuit impedance

hat is virtually symmetrically loaded. There-
ons (multiple of 3) is set at 0.25.

Odd harmonic order h Odd harmonic order h
(not a multiple of 3) (not a multiple of 3)
7 11 13 17<h<49 3 9 15 21<h<45
17 N
40 (3.0]25| 1.9 7—0 271 40 |1.2]0.3 0.2
17 .
20| 15| 1.5 1.2-7 ) 2.0 | 1.0 0.3 0.2

*) But not less than 0.1%

Table 2 Planning limits for harmonic distortions Uy,/U, (%) for odd harmonic or-
ders h.
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Examples of the calculation of limit values

Volt level Even harmonic order h
oftage leve 2 | 4 | 6 | 8 10<h<50
10
U, <35 kV 1.8 | 1.0 | 0.5 | 0.5 0.25-7+0.22
10
U, > 35 kV 1.4 1 0.8 | 0.4 | 0.4 0.19-7+0.16

Table 3 Planning limits for harmonic distortions Uy,/U,, (%) for even harmonic

orders h.
Voltage level THD
U,<35kV 6.5
U, > 35kVv 3.0

Table 4 Limit values for total harmonic voltage distortion
even harmonic distortions h.

For wind power plants that are electrically co
emission limits may be changed to values tha
permissible noise level.

However, this calls for a thorough analysi
teristics.

taking.

2.4 Example
The example sho

2 MW
0.5 MW + 2 MW + 0.5 MW

= 2.9687
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Examples of the calculation of limit values

2.5 Determination of limit values for interharmonic distortions
Planning values for interharmonic distortions from category C and D plants are
specified in the table below.

Frequency (Hz) Maximum interharmonic
voltage (%)
f <100 Hz 0.2%
100 Hz < f < 2,000 Hz 0.5%

Table 5 Planning limits for interharmonic distortions — category C and D.

For information on limit values for interharmonic distortions from wind p.
plants connected to the transmission grid, please contact the electricij
undertaking.

2.6 Determination of limit values for distortions ab
For distortions above 2 kHz, 1% can be used as the planning limi
quency group.

For information on limit values for distortions abo

plants connected to the transmission grid, pleg
undertaking.
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Approximate model for the frequency dependence of the grid impedance

3. Approximate model for the frequency dependence

of the grid impedance
For category C and D wind power plants, requirements for harmonic distortions
are specified in the technical regulations as voltage values. Category C and D
wind power plants are verified by calculating harmonic currents I, on the basis
of the formula in section 4.6.3.

Then calculate the harmonic voltages using the following formula:
Uh = ‘Zgrid,h‘ ’ I !

where Zgiq,n = grid impedance at the current frequency.

NOTE: This calculation must be performed for all relevant harmonic distortion
monic distortions and distortions greater than 2 kHz.

Unless otherwise specified by the grid company, the grid imp

Zopas| =R + 07 L) o=

Z 0] =R, +(27-2000- L,
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