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WIND POWER, SOCIETY, THIS BOOK: 
an introduction 

Bobby asks: 'Do you ever hear the windmills?' 

'What sound do they make?' 

'It's a clanking metal noise, but when the wind is really strong 

the blades blur and the air starts screaming in pain.' He shudders. 

'What are the windmills for ?' 

'They keep everything running. 

gyou  put your ear to the ground you can hear them.' 

'What do you mean by everything?' 

'The lights, the,factories, the railways. Without the windmills it all stops." 

This is the story of the discovery of a new phenomenon: why wind turbines 
sound different at night time. This discovery was related to a problem in 
society, namely that of perceived noise by residents living close to such 
turbines.. 
This introduction sketches the context in which my work proceeded: how 
the questions came up, why noise is an inseparable part of wind power 
development, and that being critical does not need to imply a negative 
attitude towards wind power. Let's start at the beginning. 

1. I A 'new' phenomenon 
The discovery was modest: I have not found a new law of nature or a new 
way to make money. It was rather the idea to apply existing knowledge in 
a new context: the application of atmospheric physics to solve the mystery 
why people complained about noise from wind turbines that according to 
wind developers and acoustic consultants they should not even be able to 
hear. In principle it was not very difficult to find out why. When Walter 
Flight (a very Dutch citizen despite his name) told me he could see the 
wind turbines near his house rotating at high speed while at the same time 
his garden was completely calm, I thought: oh yes, I know that, that's 

' 'The suspect', by Michael Robotham, Time Warner Paperbacks, 2003 (p. 15 1 )  
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because at night, especially on nice summer evenings, the atmosphere 

becomes stable. I teach this in a course, Environmental Techniques. The 
phenomenon is treated extensively in this book, but for now it is sufficient 
to know that, due to strong winds at greater heights coupled with very light 
winds at ground level, wind turbines can be a lot noisier in a night time 
atmosphere than they are in daytime. This was why Walter and his 
neighbours complained. Also the nature of the sound changes: a thumping 
character can become very pronounced at night. 

In this book I will often use the terms 'day' and 'night', though the 
distinction is more accurately stated as the atmosphere being unstable 
(which is usually in daytime, that is: sun up) or stable (night time, sun 
down). The heat coming in from the sun or radiated out at night is the real 
cause of the difference in stability. In between is another state, namely 
neutral, where heating or cooling are unimportant beacause of heavy 
clouding andlor strong wind and which can occur in day as well as night 
time, though not very often in a temperate climate and over land. 
Atmospheric stability means that vertical movements in the air are damped 
and as a consequence horizontal layers of air can have a greater difference 
in velocity: close to the ground the wind can be weak while higher up there 
is a strong wind. 

Though in principle the explanation is simple and easily understood, it of 
course had to be shown from solid theory and with sufficient data that the 
explanation was correct. The first steps were extensive nleasurements in 
Bellingwolde, where severe complaints had arisen about noise from the 
nearby Rhede wind farm. This I did together with Richard de Graaf, then a 
physics student. 

After this simple discovery, a new mystery (to me) was why this did not 
play a role in the assessment of wind turbine noise? Every meteorologist 
knows about atmospheric stability, so why had none of the experts dealing 
with wind turbine sound ever come across it? Wind turbines have been 
built for several decades and since the 1980's in ever larger numbers, so 
there should be a lot of accumulated experience. Had no one (except some 



residents) noticed the discrepancy between predicted and real noise 

exposure? 
There are probably several reasons. One of them is that for a long time 
wind turbines were not big enough for the effects of atmospheric stability 
to be clearly noticeable. Since wind turbines have grown taller the effect 
manifests itself more clearly. Secondly, as the more distant locations have 
become scarce, more and more turbines are being built closer to where 
people live, so more people now experience the sound of wind turbines. 
Thirdly, atmospheric stability over flat land is easier to understand and 
quantify than in a mountainous or coastal area where the atmosphere is 
more complex so the effect on wind turbines may be less easily 
recognizable. 
Wind turbines as such have not become that much noisier, despite their 
increase in height and blade span (the sound power depends more on speed 
than on physical dimensions of the towers). Earlier machines could be 
quite noisy due to whining or severe thumping, and modem designs are 
certainly better. The point is they now reach into less familiar parts of the 
atmosphere. 

Finally, an important reason to not recognize the unexpected high sound 
levels certainly is the fact that it impedes commercial interests and national 
policy. The positive ring of the term 'sustainability' helps investors in wind 
energy and local authorities (applying national policy) to counterbalance 
objections concerning possible disadvantages of new projects. As these 
objections are sometimes strong enough to torpedo projects, investors and 
authorities don't welcome more negative news. Though the population 
widely supports sustainable energy, reactions are less positive when a new 
project adversely affects their lives. This 'contradictory behaviour' is in fact 
quite understandable: when a new project is planned in an area, residents 
for the first time have to balance the positive social consequences to the 
negative local impact: visual impact, flickering shadows, noise and 
possibly ice throw from turbine blades. 

The first reaction of wind energy proponents, represented by the 
Windkoepel ('Wind dome'), to our research results was to pay a consultant 



to comment on our report [Van den Berg et a1 20021. This consultant 
boasted of having advised a large number of wind farm projects, so he 
clearly understood the position of the wind power industry. In the resulting 
'second opinion' [Kerkers 20031 no material critique was presented, only 
procedural arguments were used to declare our results inaccurate and thus 
irrelevant. The Windkoepel issued a press statement concluding that we 
had made a lot of fuss, but had not contributed any new insights.' They 
could get back to business. 

I.  2 Digging deeper 
I too went back to my business, which can be summarized as helping 
citizen groups to defend their position by objective arguments using known 
principles of physics. In 2004 an article about my research was published 
in a scientific journal [Van den Berg 2004al lending my results the 
respectability of peer review and triggering an international e-mail influx 
from interested consultants as well as worried residents, as our first report 
had done earlier on a national scale. 

What still puzzled me at that time was how a single turbine could start 
thumping at night. I thought I understood how the modest blade swish of a 
single turbine could evolve into louder thumping: the small sound 
variations due to blade swish from several turbines could add up to louder 
pulses. But with a single turbine there is nothing to add! Apart from this, in 
news media in the UK there were complaints that low frequency wind 
turbine noise had been underestimated and had been making people sick.2 

Some thoughts about this were presented at a conference in Maastricht 
[Van den Berg 2004bl. I agreed with delegate Jargen Jakobsen, who 
presented a paper on low frequency wind turbine noise [Jakobsen 20041, 

' Press statement February 2, 2003 "Onlangs is opschudding ontstaan . . ...," ("Recently an 
upheaval was caused.. ."), De Windkoepel, Amhem 

Catherine Milner: "Wind farms make people sick who live up to a mile away", online 
Telegraph, filed January 25, 2004 ( http://news.telegraph.co.ukinews/ main.jhtml?xml=/ 
newsl2004101125/ nwind25.xm1, consulted December 10,2005) 
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that even though wind turbines did produce an appreciable amount of 
infrasound, the level was so far below the average human hearing threshold 
that it could not be a large scale problem. But it was possible that 
complaints had been expressed in a way not understood by experts. 
Perhaps people bothered by the endless thumping of a relatively low 
pitched sound (such as I had heard myself on several occasions), thought 
that 'low frequency sound' was a term to use, as official sounding jargon. 
They might not be aware that the term 'low frequency sound' makes 
acousticians think of frequencies below 100 to 200 hertz, and in that range 
the sound level was not considered to be problematic. A classical 
misunderstanding perhaps, that could be clarified. After the Maastricht 
conference I wanted to quantify my ideas on the origin of the night time 
thumping of wind turbines and the relevance of low frequencies. This 
resulted in a second scientific article [Van den Berg 2005a1 in which I tried 
to put these ideas together. 

What had surprised me from early on was that people in the wind power 
business seemed to know so little about their raw material, the wind. In the 
Windkoepel press statement (see footnote previous page) a wind turbine 
manufacturer's spokesman argued that if the hub height wind velocity 
indeed was structurally higher at night, this must be visible in production 
statistics. This indeed seems plausible, so why not investigate that? If the 
wind industry had done so, they might have come up with results I found 
from measured wind profiles at Cabauw over an entire year [Van den Berg 
2005bJ. Indeed for an 80 m high turbine the night time yield is 
significantly higher than expected, whereas the daytime yield is lower. The 
net result was that in the real atmosphere at Cabauw annual production was 
14% to 20% (depending on wind turbine power settings) higher than in an 
atmosphere extrapolated from 10-m wind velocities with a perpetual 
neutral wind profile. For wind power production forecasting there is a 
method that incorporates a correction for atmospheric stability [Troen et a1 
19891, but such knowledge has never been used for sound exposure 
forecasting. 



1.3 Commercial and policy implications 
So from an energy point of view a stable atmosphere is very attractive. The 
challenge is to use that potential, but not put the burden on those living 
nearby. One solution is to build wind farms offshore where no people are 
affected if enough distance is kept (and calculation models are used that 

accurately model long range sound propagation over water). Over large 
bodies of water seasonal, not diurnal atmospheric stability will boost 
production in part of the year but lower it when the water has warmed. 
Another solution is to improve turbine design from two perspectives: 
decreasing sound power without substantially decreasing electric power, 
and reducing annoyance by minimizing fluctuations in the sound. Part of 
any solution is to respect complainants and try to achieve a better balance 
between national benefits and local costs. 

Oblivious of any research, residents had already noticed a discrepancy 
between predicted and real noise exposure. Opponents of wind farms have 
organized themselves in recent years in the Netherlands and elsewhere, and 
word had spread that noise exposure in some cases was worse than 
predicted. Though atmospheric stability and sometimes a malfunctioning 
turbine could explain this, most wind farm developers and their consultants 
relied on the old prediction methods. An energy firm's spokes~nan 
complained that each and every new project attracted complaints (from 
local groups) and called this "a new Dutch disease".' This is a very narrow 
view on the problem, denying the detrimental effects for residents. If their 
real concerns are denied it is not unreasonable for residents to oppose a 
new project, because practical experience shows that once the wind farm is 
there (or any other noise producer) and problems do arise, complaints will 
very probably not alter the situation for at least several years. Social 
scientists are familiar with such situations and suggest better strategies 
such as being honest and respectful, treating residents as equal partners, 
and not being arrogant: already in 1990 Wolsink mentioned this in a study 
on acceptance of wind energy and warned that it was wrong to label 
opposition as NIMBY (Not In My Back Yard) and refuse to recognize 

' NRC Handelsblad, August 26 2005: "Verzet tegen windmolens succesvol" ("Opposition 
to wind mills succesful") 
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legitimate problems [Wolsink 19901. It is sad that most of the proponents 
still emanate a WARYDU attitude (We Are Right but You Don't 
Understand). 

When real complaints are not addressed seriously, the "new Dutch disease" 
may well become an Australian, British, Chinese or any nation's disease. 
In the Netherlands assessment of wind turbine noise still is according to the 
old standard procedure (with one exception, see chapter VII), assuming a 
neutral atmosphere at all times, even though this has been admitted to be 

I wrong for more than a year now. Consultants apparently are afraid to be 
critical, perhaps because they don't want to jeopardize new assignments or 
because a change in assessment implies they were not correct before (they 
were not correct, but we were wrong collectively). Though most 
consultants claim to be impartial, the problem of 'not biting the hand that 
feeds' is more subtle, as I concluded in an earlier desk study on the quality 
of acoustic reports [Van den Berg 20001. E.g., it involves authorities who 
do not question the position of paid experts, and a society hiding political 
decisions behind the demand for more research. 

I hope other countries do not to follow the Dutch way: first denying the 
consistency and legitimacy of the complaints, then being late in addressing 
them and in the end finding this has created more opposition. It is evident 
that also in the UK there are (a few?) serious complaints from honest 
people that are not dealt with adequately. In at least some cases 
atmospheric stability again seems to offer an explanation for observations 
of unpleasant wind turbine noise by residents (see example in box on next 
page), but the matter has not been investigated correctly. 

- - - 

' In March 2004 I showed in an article in 'Geluid', a Dutch professional journal, how to 
deal with non-neutral atmospheric conditions within the existing legal procedures [Van 
den Berg 2004~1; in July 2004 the Ministry of Housing, Environment and Spatial Planning 
advised to investigate the 'wind climate' at new wind farm locations (letter on 
"Beoordeling geluidmetingen Natuurkundewinkel RUG bij De Lethe, gem. 
Bellingwedde" to Parliament by State Secretary van Geel, June 21, 2004); in the 2005 
Annual report of BLOW, a union of local, provincial and national authorities to promote 
wind energy development, it is recognized that the effect of wind shear still should be 
addressed, but no action is announced (Annual report BLOW 2005, January 2006). 

7 








































































































































































































































































































































































































