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Abstract—This article aims to examine the harmonic emission
assessment methods in the application of high-power converterbased wind power plants, where the harmonic amplitude and
phase are considered. The IEC 61000-3-6 summation rule could
lead to incorrect results due to the assumptions made with respect
to the harmonic phase and assumptions from conventional power
system harmonics. It has been shown in this paper that the
amplitude and phase of low-order odd voltage harmonics
(converter generated) dependents on the wind turbine operating
point and the thereby phase of the fundamental component of
current. Harmonic emission assessment for grid code compliance
should be more accurate and the harmonic phase and wind
turbine operating point needs to be considered. This paper
presents sophisticated phase-aligned measurement results using
GPS-disciplined time-base.
Keywords— Background harmonic distortion, Grid code
compliance, Harmonic modelling, Harmonic phase modelling
Harmonic summation.

I. INTRODUCTION
Nowadays, the number of wind turbines (WTs) in oﬀshore
wind power plants (WPPs) is growing. Furthermore, the
complexity of oﬀshore electrical infrastructure is also
increasing. This potentially creates challenges in relation to
harmonic generation from WTs, propagating through
resonance circuits and distortion at the point of common
coupling (PCC) [1], [2], [3]. Therefore, the assessment of
harmonic disturbance from oﬀshore WPPs is becoming an
important task.
The estimation of harmonic current and voltage levels at the
PCC is typically performed in harmonic studies. This requires
detailed and accurate modelling of each WPP component such
as cables, transformers, converters. The studies are done to
assess the level of harmonic distortion for compliance with
harmonic limits imposed by grid operators at PCC, and to
assess the harmonic distortion to ensure harmonic compatibility
within the WPP electrical infrastructure. Therefore, it is
important to assess the harmonic emission as accurately as
possible to avoid harmonic underestimation leading to power
quality and grid code compliance issues as well as harmonic
overestimation leading to unnecessary ﬁltering and capital
expenditure.
Typically, the harmonic assessment is performed based on
the general summation rule given in IEC 61000-3-6 [4], where
assumptions are made about the phase through a summation

factor. However, the actual harmonic phase of the individual
harmonic is not considered in the standard, which is necessary
for accurate assessment of the harmonic level at the PCC.
Particularly, when several WTs are connected in parallel to the
PCC, the harmonic phase information indicate whether the
resulting harmonic contribution may add or cancel. Harmonic
summation considering the harmonic phase is discussed in [5],
[6]. The pre-calculation of the harmonic emission summation
is based on the summation law given in IEC-61000-3-6 for both
voltage and current. The summation law can be described with
the following equation:
𝛼

𝑁𝑊𝑇
U∑ ℎ = √∑𝑖=1
𝑈ℎ,𝑖𝛼

(1)

1; 𝑖𝑓 ℎ < 5 𝑎𝑟𝑖𝑡ℎ𝑚𝑒𝑡𝑖𝑐 𝑠𝑢𝑚𝑚𝑎𝑡𝑖𝑜𝑛 𝑡𝑒𝑟𝑚𝑖𝑛𝑜𝑙𝑜𝑔𝑦
𝛼 = {1.4; 𝑖𝑓 5 ≤ ℎ ≤ 10 𝑟𝑒𝑙𝑎𝑥𝑒𝑑 𝑣𝑒𝑐𝑡𝑜𝑟𝑖𝑎𝑙 𝑠𝑢𝑚𝑚𝑎𝑡𝑖𝑜𝑛 𝑡𝑒𝑟𝑚𝑖𝑛𝑜𝑙𝑜𝑔𝑦
2; 𝑖𝑓 ℎ > 10 𝑜𝑟𝑡ℎ𝑜𝑔𝑜𝑛𝑎𝑙 𝑠𝑢𝑚𝑚𝑎𝑡𝑖𝑜𝑛 𝑡𝑒𝑟𝑚𝑖𝑛𝑜𝑙𝑜𝑔𝑦

Where:
Uℎ is the amplitude of the resulting harmonic voltage for
the h𝑡ℎ order harmonic, the value refer to 95 % quantile
non-exceeding probability value.
➢ Uℎ,𝑖 is the amplitude of the individual harmonic voltage for
the h𝑡ℎ order harmonic, the value refer to 95 % quantile
non-exceeding probability value.
➢ 𝛼 is called the summation factor coefficient for the h𝑡ℎ
order harmonic.
➢

Typically, the WPP harmonic performance evaluation is
done by measurements procedures as recommended in IEC
61000-21 [7], 61000-4-7 [8] and 61000-4-30 [9]. The harmonic
evaluation checks WPP compliance with the grid code and / or
IEC 61000-3-6 [4] with respect to the harmonic planning or
compatibility limits. Therefore, it is important that accurate
guidelines to estimate the harmonic emission level in WPPs as
well as transmission systems are developed. These guidelines
and their outcome could have a great impact on the decision
making during the design process, by indicating whether
ﬁltering is needed or not, in order to improve the design of the
WPP.
The state-of-the-art knowledge about the harmonic phase of
harmonic emission from WTs is quite limited. Therefore,
extensive phase-aligned measurements using GPS-disciplined
time-base were done at Avedøre Holme oﬀshore wind power
plant (AHOWPP) in Denmark. This creates a foundation for

investigating harmonic summation considering the harmonic
phase information when modelling WPPs. The sampling rate of
44.1 kHz and precise GPS synchronization of the presented
one-minute dataset is the first of its kind presented in the
literature.
This paper presents the state-of-the-art results and a review
of the harmonic behaviour considering Type-4 WTs. The
harmonic emission phase data from the GPS-synchronized
measurements are utilized to analysis the harmonic behaviour
in wind power plants based on harmonic phase. Finally, the
paper suggests an alternative approach for harmonics
procedures to further improve the IEC summation method.
II. MEASUREMENT CAMPAIGN AT AVEDØRE HOLME
OFFSHORE WIND POWER PLANT
A measurement campaign was performed on AHOWPP and
extensive phase-aligned measurements using GPS-disciplined
time-base were done, which is the foundation for this study.

A. System Description

other, leading to almost the same active power production
disregarding the wake eﬀect, thus, no diﬀerent power bins
considering the wake eﬀect are needed in the studies.
A simpliﬁed diagram of AHOWPP is shown in Figure 2. The
speciﬁcation of the system is shown below:
• 50 kV AC grid voltage
• 0.69 kV WT rated voltage
• 10 kV AC array cable voltage
• Three 3.6 MW WTs

B. Measurement System Setup
The voltages and currents were measured at several
measurement points in AHOWPP as presented in Figure 2.
The low voltage (LV) probes were installed at the WT
transformer LV-side terminals and the current through the
converter inductance were measured using Rogowki coils
installed after the converter reactor according to Figure 2. For
brevity the pulse width modulation (PWM) ﬁlters and cables
have been omitted from Figure 2.

AHOWPP is located in the south of Copenhagen, Denmark,
and consists of three identical 3.6 MW Type-4 full-scale
converter (FSC) WTs (yielding 10.8 MW) located less than 10
metres from the shore, as shown in Figure 1, which allows
access to the oﬀshore WTs by means of a footbridge [1], it has
to be noted that AHOWPP is classiﬁed as an offshore WPP.

Fig. 2: AHOWPP installed measurement point locations.

Fig. 1: AHOWPP location in Denmark from [1].

Each of the three WTs has a Dyn11 step-up transformer
0.69/10 kV for connection to the grid. The WT transformer is
connected by means of a circuit breaker to the medium voltage
(MV) array cable system (240 mm2 10kV aluminium cables).
The 10 kV array cable system has a combined length as
presented in Table 1.
TABLE 1: AHOWPP ARRAY CABLES DETAILS

Array cable
length [km]
2.31

Array cable
impedance [Ω]
0.361-j0.17

Array cables
capacitance [µF]
1.23

(M2)

2

0.312-j0.15

1.06

(M3)

1.4

0.218-j0.11

0.74

WTs
(M1)

It should be noted that the array cable system layout is nonuniform leading to diﬀerences in the length of the MV cables
connected to PCC as presented in Table 1. The installed oﬀshore WTs are fortunately around 300-600 metres from each

All the measurement systems are synchronized by the
disciplined clock and digital trigger using GPS-synchronized
phase-aligned time-base, which means the number of samples
for both the voltages and currents will be exactly the same for
all measurement locations in the three WTs and at the PCC [10],
[11]. The measurement system GPS-synchronization and
accuracy considerations are elaborated in [12]. A more detailed
explanation of the measurement system measurement software
and GPS-synchronization system can be found in [10]. The
measurement accuracy and precision are described in [12]. The
employed harmonic data processing algorithm applied for the
measured data was based on [4] and [7] are summarized in [12].
III. RESULTS FROM AVEDØRE HOLME WIND FARM
The measurement procedure given in IEC 61000-21 [7]
recommends zero reactive power injection during the power
quality (PQ) assessment of WTs. The measurement campaign
was conducted throughout year 2012, where the AHOWPP was
operating normally including reactive power injection as well.
This is a challenge for harmonic evaluation of AHOWPP that
makes the study more complex. However, the obtained
measurements can still be considered as suﬃcient for the

validation of the harmonic behaviour, which will be elaborately
described in the following section.

A. Harmonic Measurement Results
The selected aggregation interval of the harmonic spectrum
study is 10 cycles. The output active power production from all
three WTs during one minute of measurements is calculated
according to [8] and can be considered as constant 30% of
nominal power. However, Figure 3 shows that the reactive
power variation is diﬀerent for the three WTs. The presented
active and reactive power during one minute of measurements
will be used for the analysis of harmonic behaviour in the WPP.

Fig. 3: The reactive power injection for all three WTs during 1 minute of
operation, when PWM synchronizations feature is enabled and the active
power operating point is approximately 30%.

Moreover, a converter PWM synchronization feature is
activated for all three WTs during the measurements [13],
which allows the carrier signals in wind turbines to be shifted
with respect to each other by synchronizing to the fundamental
voltage component. This allows more accurate estimation of
PWM (sideband, carrier group) harmonics as the power system
fundamental component phase is linked with the carrier signal
in the PWM scheme, i.e. the switching frequency is
synchronized to the grid frequency. Therefore, it is expected
that the displacement angle is ﬁxed 120◦ for the sideband
harmonic from all three corresponding WTs [14].

B. Prevailing Angle Ratio
The prevailing angle ratio (PAR) can be employed for
aggregation and summation of harmonic phasors. Aggregation
(as in IEC 61400-21) in this context means data processing to

obtain a combined representation of a number of harmonic
components from 10-cycle DFT into one value for a longer
period (e.g. 10 second, 1 minute) and summation (as in IEC
61000-3-6) means the total impact of all harmonic sources at a
busbar of interest in the power system (e.g. harmonic distortion
at the PCC). The harmonic phase information and behaviour
can be retained by the aggregation of harmonic phasors based
on the prevailing angle. Hence, only the PAR is used to estimate
the randomness of the prevailing angle. The PAR can be
determined based on:
PAR =

|∑n
i=1 Ch,i |
∑n
i=1|Ch,i |

=

|∑n
i=1 ah,i +jbh,i |
∑n
i=1|ah,i +jbh,i |

(2)

where Ch,i is the harmonic component complex phasor, ah,i and
bh,i represent the real and imaginary part of the ith window,
respectively.
Generally, a PAR result higher than 0.5 indicates a higher
degree of deterministic behaviour of the harmonic phase
according to [7], whereas a PAR result less than 0.2 indicates a
degree of variability resulting in random characteristic of the
harmonic phase. This can be used to identify, classify and
verify whether the measured data is trustworthy or not.
The current harmonic spectrum plot is presented in Figure 4
(top) and PAR (bottom). It can be clearly seen that the loworder harmonics with relative high amplitude have PAR > 0.6
as shown by the dotted line in Figure 6 (bottom). On the
contrary, PAR < 0.6 is mainly related to the converter generated
high-frequency harmonics due to the PWM scheme. The PAR
for switching harmonics is in general low as shifting with
respect to the rectangular window being synchronized to the
fundamental frequency. However, for carrier phase interleaving
between WTs could fix the phase offset and assure
deterministic (rather than stochastic) cancellation [14].
The observations with respect to the voltage are presented
in Figure 7. By comparing Figure 6 and 7 (bottom) it can be
seen that the number of harmonics with PAR > 0.6 for higher
orders is decreasing due to the measurement accuracy [12].
The voltage and current harmonic spectrum plots show that
the low values of PAR < 0.6 is related to the very low
harmonics amplitude, especially for non-characteristic power
system harmonics (e.g. 6th, 8th) and higher-frequency
harmonics disregarding the harmonics emissions up to the 5th
harmonic order due to the relatively low measurement accuracy
for very low harmonic amplitudes. On the contrary, the lowerfrequency harmonics have high values of PAR, particularly the
power system characteristic harmonics (e.g. 5th, 7th).
Moreover, the PAR can provide some information about the
harmonic phase behaviour [14], in order to improve the
understanding of the harmonic emission in WPPs. However, it
is worth mentioning that non-ideal converter behaviour caused
by e.g. dead-time [2], [15], semiconductor voltage drop [16]
and background harmonic distortion [17] may inﬂuence the
harmonic phase and make the analysis more complicated in
relation to the harmonic phase characteristic due to the large
variety of technologies (PWM switching pattern, dead-time,
control schemes, etc.).

Harmonic emission assessment based on the IEC 61000-3-6
summation rule, where only the harmonic amplitude is known
can lead to incorrect results since assumptions are made about
the harmonic phase based on choosing a summation factor [18].
It is shown in [12] that this assumption cannot be used and can
lead to incorrect harmonic emission assessment with respect to
the IEC planning / compatibility levels and grid code
compliance. The PAR reflecting the harmonic phase behaviour,
which can be used to simplify the harmonics summation
approach by simply dividing the harmonics into two groups: (i)
those which tend to have a deterministic phase and (ii) those
which tend to have stochastic phase characteristic.
IV. EVALUATION OF THE HARMONIC BEHAVIOUR
Again, it should be noted that only the harmonics with
relative high amplitude will be considered in the following, due
to the measurement accuracy.
The current (top) and voltage spectrum from WT1 (M1)
measured at the transformer LV-side are shown in Figure 4 and
5, respectively.

Fig. 4: Current harmonic spectrum for WT 1 (M1) (top) and the respective PAR
(bottom) for 1-min period when the carrier signal synchronization feature is
enabled

The low-order even and triplen harmonics phase behaviour
tend to have uniform phase distribution from 0 to 2π according
to the observations given in [2] and [16]. As an example of a
low-order even harmonic characteristic the phase for the 2nd
order harmonic for the three turbines are shown in Figure 6.

Fig. 6: Phasor diagram of the 2nd harmonic order, current and voltage based
on the sequence domain (SD) harmonic model during the operating points
shown in Figure 3.

Fig. 5: Voltage harmonic spectrum for WT 1 (M1) (top) and PAR (bottom) for
1-min period when the carrier signal synchronization feature is enabled.

It can be observed from Figure 6 that the 2nd harmonic order
phase distribution does not vary between 0 to 2π. It can be
clearly seen that the 2nd order phase is scattered mainly

scattered around specific angles and varies due to the active
power variation. The same observation was made for the 4th
harmonic order current and voltage (not shown).
Also, the low-order triplen harmonic shown in Figure 7
phase angle distribution trends to be relatively fixed. The same
observation can be made based on the PAR. In fact, the phase
angle distribution is not uniformly distributed from 0 to 2π as
observed in [15].

Fig. 8: Phasor diagram of the 5th and 7th harmonic order, current and voltage
based on the sequence domain (SD) harmonic model during the operating
points shown in Figure 3.

Fig. 7: Phasor diagram of the 3rd harmonic order, current and voltage based on
the sequence domain (SD) harmonic model during the operating points shown
in Figure 3.

The low-order odd (non-triplen) harmonic characteristic is
lineally related to the phase angle of the fundamental current
component according to the observations in [2] and [15] with
narrow band phase angle distribution characteristics. The
amplitude and phase of low-order odd harmonic characteristic
are shown in Figure 8.

By comparing Figure 3 and Figure 8, it can be clearly seen
that the 5th and 7th harmonic order the phase angle is scattered
mainly due to the active power variation and partly due to
measurement uncertainty.
It can also be observed that the active and reactive power
operating points in a WT determine the amplitude and phase of
the current fundamental component. Consequently, the loworder odd voltage harmonics that may be caused by the deadtime error-pulses and semiconductor voltage drop will change
with the WT operating point. Moreover, it is observed that the
phase of the low-order odd voltage harmonics is linearly related
to the phase of the current fundamental component, as shown
in Figure 8 depending on the change in the reactive power for
each WTs. The impact of the power setpoint on harmonic phase
and amplitude is only valid by employing the sequence domain
(SD) harmonic model [15] and assume that there is no change
in the grid, i.e. impedance or background distortion, especially
for low-order power system characteristic harmonics.
Again, by comparing Figure 3 and Figure 8, it can be clearly
seen that the voltage 5th and 7th harmonic order phase will vary
with the WT operating point in this case due to reactive power
variation.
The same observations can be made from Figure 9 for the
harmonic voltage 11th and 13th harmonic order.

Fig. 9: Phasor diagram of the 11th and 13th harmonic order, current and voltage
based on the sequence domain (SD) harmonic model during the operating
points shown in Figure 3.

can lead to different conclusions and the WT harmonic
The harmonic summation can thereby occur differently performance is significantly affected by the factors mentioned
depending on the harmonics phase characteristic. In other above.
words, depending on the type of phase distribution. Particularly,
VI. CONCLUSIONS
the low-order odd voltage harmonics (non-triplen), that are
different compared to even and triplen harmonics with a certain
The analysis of harmonic behaviour in WPPs based on
phase distribution.
detailed phase modelling and measurements was presented in
this paper. The harmonic phase behaviour for single WTs was
In case of harmonics within the “grey zone” that are a mixture presented and the limitations were discussed.
of baseband dependent mainly on power system fundamental
The analysis presented in this paper brings better underfrequency and sideband dependent on carrier signal standing regarding offshore WPP harmonic phase behaviour.
fundamental frequency. It may be some sideband interaction; The presented power quality measurements results showed that
that may be identified due to the sequence decomposition as amplitude and phase of the odd low-order voltage harmonics
shown in Figure 10. Therefore, the non-predominant sequence depends on the WT operating point including both the active
can be neglected in order to simplify the studies and reduce the and reactive power. This should be considered for accurate
complexity. The sequence domain separates the characteristic assessment of the harmonic emission level in the future.
ones from the non-characteristic ones and is useful to evaluate Moreover, the PAR was applied and gave an indication of
the harmonics.
whether the harmonic phase tends to behave deterministic or
stochastic. It was observed that the harmonics can be divided
into two groups: (i) with deterministic phase and (ii) with
stochastic phase.
The results from this study, in general, give an overview of
harmonic behaviour on a system level and it creates a basis for
further advanced studies on harmonic propagation of such
complex systems as oﬀshore WPPs. The presented analysis
creates a basis for more advanced in-depth studies.

Fig. 10: Harmonic voltages spectrum in sequence component form at WT3
converter-side.

The higher-order harmonics (e.g. from PWM) in reality tend
to behave randomly and tend to have a random phase
distribution.
V. DISCUSSION
A sensitivity analysis of the transformer tolerance can be
performed to verify the impact of the component uncertainties
to conclude the impact and the need of modelling. The
performed analysis in this paper has some other limitations
which must be mentioned such as the limited aggregation time
for PAR results needs to be extended with more than one
minute of data. To sum up, the following limitations were
observed which can be covered in future studies.
Harmonics with deterministic or stochastic phase
characteristics for some Type-IV WTs be calculated as
presented in [15] and [2], however, the phase behaviour can
change depending on the WT control, modulation scheme, etc.
Furthermore, more measurement data need to be analysed to
provide general conclusions applicable to large WPPs
including active and reactive power variation.
The study can be useful to represent similar WTs with the
same control and modulation scheme. However, changes in the
control algorithm, dead time scheme, modulation technique, etc.

ACKNOWLEDGMENT
This work was supported by the Technical University of
Denmark, Ørsted Wind Power and Siemens Gamesa
Renewable Energy, DK. The authors would like to express their
appreciation to Troels Stybe Sørensen from Ørsted Wind Power
for his valuable inputs.

REFERENCES
[1] Ł. H. Kocewiak, “Harmonics in Large Offshore Wind
Farms,” PhD Thesis, Aalborg Universitet, 2012.
[2] E. Guest, T. W. Rasmussen and K. H. Jensen,
“Probabilistic Harmonic Modeling of Wind Power Plants,”
in 16th International Workshop on Large-Scale Integration
of Wind Power into Power Systems as well as on
Transmission Networks for Offshore Wind Power Plants,
Berlin, Germany, 23–27 October 2017.
[3] C. F. Jensen, Z. Emin and Ł. H. Kocewiak, “Amplification
of harmonic background distortion in wind power plants
with long high voltage connections,” in CIGRÉ Biennial
Session, Paris, France, 21-26 August 2016.
[4] IEC 61000-3-6:2008, “Electromagnetic compatibility
(EMC) – Part 3-6: Limits – Assessment of emission limits
for the connection of distorting installations to MV, HV
and EHV power systems”.
[5] K. V. Reusel and S. Bronckers, “Summation Rule for Wind
Turbines' Harmonics Challenged by Measurements,” in
17th International Conference on Harmonics and Quality
of Power, Belo Horizonte, Brazil, 16-19 October 2016.

[6] Y. Xiao and X. Yang, “Harmonic Summation and
Assessment Based on Probability Distribution,” IEEE
Transactions on Power Delivery, vol. 27, no. 2, pp. 10301032, April 2012.
[7] IEC-61400-21:2008, “Wind turbines – Part 21:
Measurement and assessment of power quality
characteristics of grid connected wind turbines”.
[8] IEC-61000-4-7:2002, “Electromagnetic Compatibility
(EMC) – Part 4-7: Testing and Measurement Techniques –
General Guide on Harmonics and Interharmonics
Measurements and Instrumentation for Power Supply
Systems and Equipment Connected Thereto”.
[9] IEC 61000-4-30:2015, “Electromagnetic compatibility
(EMC) – Part 4-30: Testing and measurement techniques –
Power quality measurement methods”.
[10] Ł. H. Kocewiak, J. Hjerild, T. Sørensen, C. L. Bak, I.
Arana and J. Holbøll, “GPS synchronization and EMC of
harmonic and transient measurement equipment in offshore
wind farms,” Energy Procedia, vol. 24, pp. 212-228, 2012.
[11] Ł. H. Kocewiak and A. Baloi, “Evaluation of Power
Quality Monitoring Systems in Offshore Wind Farms,” in
13th International Workshop on Large-Scale Integration of
Wind Power into Power Systems as well as Transmission
Networks for Offshore Wind Farms, Berlin, Germany, 1113 November 2014.
[12] M. Eltouki, T. W. Rasmussen, E. Guest, L. Shuai and Ł.
Kocewiak, “Analysis of Harmonic Summation in Wind
Power Plants Based on Harmonic Phase Modelling and
Measurements,” The 17th International Workshop on
Large-Scale Integration of Wind Power into Power Systems
as well as Transmission Networks for Offshore Wind
Farms, Energynautics GmbH, p. 7, 17-19 October 2018,
Stockholm, Sweden.
[13] R. Jones, R. Vernon Fulcher and H. Stiesdal, “Control
methods for the synchronization and phase shift of the
pulse width modulation (PWM) strategy of power
converters”. Patent US9293921B2, 22 03 2016.
[14] M. Eltouki, “Analysis and Modelling of Harmonic
Emission Aggregation for Offshore Wind Farms, MSc,”
Department of Electrical Engineering, The Technical
University of Denmark, Copenhagen, Denmark, 2018.
[15] E. Guest, K. H. Jensen and T. W. Rasmussen, “Sequence
Domain Harmonic Modeling of Type-IV Wind Turbines,”
IEEE Transactions on Power Electronics, vol. 33, no. 6,
pp. 4934 - 4943, 02 August 2017.
[16] M. Eltouki and T. W. Rasmussen, “Spectrum analysis of a
voltage source converter due to semiconductor voltage
drops,” in 19th European Conference on Power Electronics
and Applications, Warsaw, Poland, 11-14 September 2017.
[17] L. S. Christensen, J. G. Nielsen and T. Lund, “Using
Prevailing Angle of Harmonics to Distinguish between
Background Noise and Emission from a Turbine,” in 16th
International Workshop on Large-Scale Integration of
Wind Power into Power Systems as well as on
Transmission Networks for Offshore Wind Power Plants,
Berlin, Germany, 23–27 October 2017.

[18] F. Ackermann, H. Moghadam, S. Rogalla, F. Santjer, I.
Athamna, R. Klosse, K. Malekian, S. Adloff, M. F. Meyer,
G. Kaatz, D. Schulz, A. Bitz, N. Schaefer, B. Fricke and M.
E. Ghouti, “Large Scale Investigation of Harmonic
Summation in Wind- and PV-Power Plants,” in 16th Wind
Integration Workshop 2017 : International Workshop on
Large-Scale Integration of Wind Power into Power Systems
as well as on Transmission Networks for Offshore Wind
Power Plants, Berlin, Germany, 25-27 October 2017.
[19] J. Meyer, A. M. Blanco, R. Stiegler and M. Schwenke,
“Implementation of harmonic phase angle measurement for
power quality instruments,” in IEEE International
Workshop on Applied Measurements for Power Systems,
Aachen, Germany, 24 October 2016.

