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Summary 

In Noordwijk, a Dutch village near the coast, former industrial terrains are transformed into 

residential areas. Houses will be built as close as 14 m to an existing 50 kV electric transformer 

station. Since this area has to become a quiet residential area, Dutch regulations prescribe a 

maximum noise level of 30 dB(A) during nighttime. This limit contains a 5 dB(A) penalty for tonal 

noise. 

To achieve this low noise level, additional noise reduction measures are necessary, with a required 

reduction of 9 dB(A) for the most nearby houses. In this case, the tonal contribution at 200 Hz 

proved to be critical. The total package of measures to achieve this reduction will be described.  

Special attention will be given to the noise reduction of the ventilation outlet. In the original 

situation this outlet has noise reducing grids. The transformer owner’s consultant proposed to 

replace these grids by relatively long silencers. We alternatively proposed to apply an absorbing 

baffle at the inside of the outlet stack, which gives a unusual configuration. The noise reduction 

effect of this special measure was calculated with a Finite Element Method (Comsol). This 

alternative measure reduces costs enormously. The calculated noise reduction was verified by 

laboratory measurements. The calculated and measured results will be presented. 

PACS no. 12.1.389  

 

 
1. Introduction1 

In Noordwijk, a Dutch village near the coast, former 

industrial terrains are transformed into residential 

areas. Houses will be built as close as 14 m to an 

existing 50 kV electric transformer station. Since 

this area has to become a quiet residential area, 

Dutch regulations prescribe a maximum noise level 

of 30 dB(A) during nighttime. This limit contains a 

5 dB(A) penalty for tonal noise.  

Due to the desired new situation, several noise 

reducing measures are necessary to make the 

desired situation possible. This required a lot of 

consultation between the different parties involved.  

The technical measures will be discussed, with 

special attention towards the noise reducing 

measure at the air outlet at the roof of the 

transformer station.  

 

2. Process and involved parties 

The project was started in 2015 by the company 

who wanted to build the houses, together with the 

                                                      

 

township who wanted to realize the residential area. 

In the Netherlands, such a plan requires to make a 

spatial plan which describes, amongst others, how 

much noise is allowed at the facades of the new 

houses due to the transformer station. This becomes 

a boundary condition for the new situation. This 

involved therefore also the cooperation of the owner 

of the 50 kV transformer station. Therefore, noise 

measurements were performed by us, 

commissioned by the building company. North of 

the 50 kV station, another building company wanted 

to build houses, and they hired their own noise 

consultant. The Township had already done studies 

by again a different noise consultant. The Township 

itself has outsourced their noise specialism to an 

environmental service office. And the owner of the 

transformer station also has a noise consultant. In 

this article, I will not go into the details of all these 

discussions, but it was a very interesting and 

sometimes difficult process.  
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3. Noise limit 

In the spatial plan, the maximum allowed noise 

level was 35 dB(A) during night time. Because a 

transformer makes tonal noise at 100 Hz and higher 

harmonics, a tonal penalty of 5 dB(A) must be 

applied according Dutch regulations. Therefore, the 

actual allowed noise level is 30 dB(A).  

 

4. Present noise emission of station 

Based on the measurements, it was be determined 

that the sound pressure level at the new houses 

would be 9 dB(A) above the noise limit. Therefore 

noise measurements were performed using sound 

intensity in order to quantify noise reducing 

measures at the station. 

Figure 1. Transformer station; noise emitting parts 

numbered. (picture: Globespotter/cyclomedia). 

 

The noise was emitted by different parts according 

the numbered parts in figure 1: 

1. the horizontal air inlet openings, through 

the platform grid at the front side, 

2. the doors at walking height at the front side 

of the transformer building, 

3. the wall panels, above those doors, at the 

front side, 

4. the outlet stack at the top of the building, 

emitting noise to both the front side and the 

back side and  

5. a small outlet of a drying installation in the 

building at the back side.  

It is noted that the most left part of the station did 

not contain a transformer. 

 

Since the building walls are made of thick masonry 

and the roof of heavy concrete, the noise emitted by 

these parts was negligible.  

 

The tonality of the transformer noise becomes clear 

from a FFT spectrum of the noise as shown in 

figure 2.  

Figure 2. FFT spectrum of the sound pressure level 

nearby the transformer station. 

 

The following noise reducing measures were 

necessary, to fulfill the noise limits: 

1. the horizontal air inlet would be equipped 

with absorptive silencers,  

2. the doors would be replaced by new sound 

proofed doors.  

3. the wall panels, would be insulated at the 

inside, 

4. the outlet stack at the top of the building 

must be reduced with at least 8 dB(A),  

5. the small outlet of a drying installation must 

be equipped with a proper silencer.  

 

The measures on sources 1, 2, 3 and 5 are more or 

less standard solutions. The noise measure on 

source 4 gave more discussion. These measures are 

elaborates further.  

 

5. The outlet stack noise reduction 

The required noise reduction of this outlet was at 

least 5 dB at 100 Hz and at least 11 dB at 200 Hz.  

 

The present ventilation outlet stack consists of a 

shaft with an internal width of 80 cm. On both sides 

of the shaft, noise reducing grids were already 

present. This is shown in figure 3. It is noted that 
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these grids have only few noise reduction at low 

frequencies. 

 

Figure 3. Present situation outlet with noise reducing 

grids. 

 

In order to achieve sufficient noise reduction, the 

consultant of the transformer station proposed to 

replace the present noise grids, and install at each 

side silencers with absorption baffles with a 1.5 m 

length. Due to this length, there should be a new 

support structure to bear the load, and the roof had 

to be adjusted to this situation. This proposal is 

sketched in figure 4. 

Figure 4. Present situation outlet with noise reducing 

grids. 

 

 

The costs of the measure according figure 4 was 

estimated on € 125.000,-. Therefore an alternative 

solution was proposed. In this alternative solution, 

the noise grids would stay in place, and in the center 

of the exhaust shaft, a 400 mm thick absorptive 

baffle was placed. This situation is shown in 

figure 5.  

 

Figure 5. Alternative noise reducing measure of outlet 

with baffle placed in the middle. 

 

The acoustic performance of this configuration was 

calculated with Finite Elements Method. (Comsol 

Multiphysics V52a, acoustic module). The 

calculated reduction was 5 dB at 100 Hz and 15 dB 

at 200 Hz. This was calculated with a mineral wool 

having a specific flow resistance of 5 kPa·s/m2. The 

acoustic properties of this porous material was 

calculated with the acoustic properties according 

the Delaney and Bazly / Miki model. 

 

The calculated result of the configuration including 

the baffle is shown in figure 6. 

 

Figure 6. A calculation result at 200 Hz  

 

The specific flow resistance of the mineral wool in 

the standard noise baffles (supplier: Trox) was 

estimated to be 16.5 kPa·s/m2, which is normal for 
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rock wool with density of 35 kg/m3. With this 

higher flow resistance, the noise reduction was 

calculated to be 4 dB at 100 Hz and 8 dB at 200 Hz. 

Therefore the tests were performed with both the 

standard wool in the baffles, but also with a light 

glass wool, with the mentioned low specific flow 

resistance. This was available as Isover Comfort 

Panel. 

 

Calculations were performed for a somewhat 

broader frequency region, in order to take account 

of the varying outer temperature, influencing the 

speed of sound, and hence the wavelength at a given 

frequency. The calculations were performed at 

20 °C, for frequencies between 97 and 106 Hz. This 

equals an outside temperature range of -12 °C till 

37 °C. This widely covers the practical temperature 

range for Noordwijk, which is close to the sea.   

The costs of the alternative solution was calculated 

at approximately € 10.000,-. The huge saving is 

caused since the silencers are much smaller, and no 

changes to the roof have to be made.  

 

It is noted that the increase in air flow resistance of 

the baffle in the outlet was determined. This was no 

obstacle. 

 

6. Noise measurement on mockup 

The noise baffle placed in the ventilation outlet has 

a unusual configuration. No data about the noise 

reduction for such a configuration was available in 

order to verify the calculated reduction. Therefore 

noise measurements on a 1 m wide mockup of the 

situation were performed with identical shape and 

an identical noise grid. Since the outlet stack is 

symmetrical, the mockup simulates half of the 

outlet. A drawing of the mockup is shown in figure 

8. 

Figure 7. Drawing of the mockup, simulating half of the 

outlet (with absorptive standard silencer, 200 mm thick).  

 

The measurements were performed in the acoustic 

laboratory “Kees van Dorsser Laboratorium” in The 

Hague. In figures 8 and 9, pictures of the mockup 

on sending side and receiving side are shown.  

 

Figure 8. Mockup opening with baffle at sending side.  

 

Figure 9. Mockup at the receiving side.  

 

During the test broadband noise is produced at the 

sending side. At the receiving side, in a reverberant 

room, the sound pressure level was measured on 8 

different positions, and these levels were averaged. 

This was done for the following situations: 

1. Mockup without baffle 

2. Mockup with standard baffle (16.5 kPa·s/m2) 

3. Mockup with adapted baffle (5 kPa·s/m2) 

The reduction due to the baffle in the outlet stack is 

either the difference Lp2-Lp1 or Lp3-Lp1. 

 

The following equipment was used: 

- Brüel & Kjær 1/2" microphones, type 4165 

- Brüel & Kjær real time analyzer, type 2123 

- Quad amplifier, type 405 

- Bose speakers, type 802 

 

7. Results of measurements 

The sound pressure level in the receiving room was 

measured both in 1/3rd octave bands and in 1/24th 

octave bands. The frequency range mentioned 

before covers exactly 3 1/24th octave bands around 

100 Hz and around 200 Hz. The results of the 
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measurements in 1/3rd octave bands are shown in 

figure 9.  

 

Figure 10. Measured insertion losses of addition of the 

baffles with standard Trox wool and with the wool 

replaced with ISOVER comfort panel.  

 

As can be seen in figure 10, the insertion loss of the 

original Trox noise baffle is higher for almost all 

frequency bands, compared to the baffle with 

ISOVER comfort panel. This is in contradiction 

with the calculated values from the Comsol model.  

 

The cause is of this unexpected result is not known.  

It might be caused by the fact that the FEM model 

only calculates with isotropic flow resistance, while 

in practice the flow resistance perpendicular to a 

mineral wool plate is often up to twice the flow 

resistance perpendicular to the plate. 

 

In this case, the more relevant results are those for 

the specific narrow bands around 100 and 200 Hz, 

since that are the most relevant frequencies for the 

noise towards the environment, and also causing the 

tonal content of the noise at the houses. The results 

are shown in the following table.  

 

To be sure about the value to be realized, the 1/24th 

octave band value with the lowest IL is used.  

 

Table I shows that the insertion loss with the 

standard Trox wool in the baffles has a slightly 

better performance than the baffles filled with the 

ISOVER comfort panel. This holds both for the 

(lowest) 1/24th octave band value as for the average 

1/3rd octave band level. 

 

 

 

Table I. Measured Insertion Losses. 

 

 

8. Conclusions 

It is concluded that the FEM based calculations can 

give a reasonable idea of the noise reduction in 

unusual configurations. In such situations, it is 

relevant that the acquired results are validated by 

measurements. The measurements proved that 

standard glass wool with low specific flow 

resistance in baffles did not give the improved noise 

reduction that was expected, when compared to 

standard baffles. On the other hand, the noise 

reduction of standard baffles proved to be better 

than calculated with the FEM model. Therefor it 

was possible for the Noordwijk project to use 

standard baffles, which is cost reducing compared 

with adapted baffles.  

 

It is an interesting question to find out the reason for 

the difference between the calculations and 

measurements. Possibly this is caused by the non 

isotropic specific flow resistance of real mineral 

wools, which were not modelled in the FEM model.  
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