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Installation of large renewable 
systems, including wind farms, PV, 
and BESS, can negatively impact 

on the network impedance profiles, 
causing exceedances above ISO/
TSO regulations. When emissions 

are not compliant, the design and 
installation of harmonic filtration can 

mitigate the distortion.

IS YOUR RENEWABLE SITE CAUSING  
HARMONIC ISSUES WHEN CONNECTING TO THE GRID? 

underground cable

Busbar BBusbar A

WF cables PV cables BESS cables

PV_HV BESS_HV

PV_LV BESS_LV

0

50

100

150

200

250

300

350

400

450

2

2.
6

3.
2

3.
8

4.
4 5

5.
6

6.
2

6.
8

7.
4 8

8.
6

9.
2

9.
8

10
.4 11

11
.6

12
.2

12
.8

13
.4 14

14
.6

15
.2

15
.8

16
.4 17

17
.6

18
.2

18
.8

19
.4 20

20
.6

21
.2

21
.8

22
.4 23

23
.6

24
.2

24
.8

HARMONIC  
IMPEDENCE SWEEP

Im
p

ed
en

ce
 (O

hm
)

Harmonic order (h)

1 3 5 7 9

HARMONICS

A
m

p
lit

ud
e

Time

VIEW OUR 
POSTER 
AGAIN HERE >

Pre-connection
Post without filter

Post with filter

Result
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 THE SITE

•	 The example site includes an integrated 
renewable network connection including 
a 30MW PV, a 50MW wind farm, and 
BESS at a 33kV grid connection.

•	 Before the site’s development, there were 
no non-compliant harmonic distortions, 
and we can see these distortions clearly 
come from the site’s development and 
network connection.  

 FILTER OVERVIEW

•	 Passive harmonic filters include 
capacitors, reactors, and resistors.

•	 These typically provide an alternative 
impedance path for harmonic currents and 
dampen the harmonic impedance profile.

•	 Based on specific impedance profiles, 
these filters will need to be built per site 
requirements to avoid over/underrated 
filter designs and poor performance.

 CASE DISCUSSION 

•	 In this example, we can see harmonic limit 
exceedances in the 7th order, meaning 
additional measures were needed for the 
site to be connected and operated. 

•	 To accurately identify this issue and 
correctly design the filter, completing a  

	  

 

Filter Design (Power System) study 
simulates the filter and its performance. 

•	 There is a commercial benefit to 
engineering a site-specific filter, 
as engineering costs, through a 
comprehensive harmonic filter design, are 
minimal compared to the cost of a filter, 
and inadequate filter installation can 
cause poor performance. 

•	 Design optimization allows individual 
components to be precisely calculated, 
ensuring the most cost-effective design. 

 CONCLUSION

•	 Harmonic impedances above ISO/
TSO regulation can make renewable 
integration difficult and cause sites to be 
turned off. 

•	 Harmonic studies allow for accurate 
identification of which harmonic orders 
have non-compliant distortion and 
therefore allow equipment design to 
meet site requirements. 

•	 This passive harmonic filter equipment, 
via specially designed capacitors, 
reactors, and resistors, mitigates the 
issue, ensures operational efficiency, and 
meets grid requirements while also being 
the most cost-effective solution to the 
overall project.


