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Summary of Wind Turbine Accident data to 30 Sept 2012 

These accident statistics are copyright Caithness Windfarm Information Forum 2012.  The data may be used or referred to by groups or 
individuals, provided that the source (Caithness Windfarm Information Forum) is acknowledged and our URL 

www.caithnesswindfarms.co.uk quoted at the same time.  Caithness Windfarm Information Forum is not responsible for the accuracy of 
Third Party material or references. 

You may link to this page from your website but please do not link to the individual files or reproduce the tables 
on your website as they will cease to be current.  

The summary may be downloaded in printable form by clicking here

The full accident list may be downloaded by clicking here

The attached detailed table includes all documented cases of wind turbine related accidents and 
incidents which could be found and confirmed through press reports or official information releases up 
to 30 Sept 2012.  CWIF believe that this compendium of accident information may be the most 
comprehensive available anywhere. 

Data in the detailed table attached is by no means fully comprehensive – CWIF believe that what is 
attached is only be the “tip of the iceberg” in terms of numbers of accidents and their frequency.  
Indeed on 11 December 2011 the Daily Telegraph reported that RenewableUK confirmed that there 
had been 1500 wind turbine accidents and incidents in the UK alone in the past 5 years.  Data here 
reports only 142 UK accidents from 2006-2010 and so the figures here may only represent 9% of 
actual accidents.  

The data does however give an excellent cross-section of the types of accidents which can and do 
occur, and their consequences.  With few exceptions, before about 1997 only data on fatal accidents 
has been found.   

The trend is as expected – as more turbines are built, more accidents occur.  Numbers of recorded 
accidents reflect this, with an average of 6 accidents per year from 1992-96 inclusive; 22 accidents 
per year from 1997-2001 inclusive; 70 accidents per year from 2002-06 inclusive, and 133 accidents 
per year from 2007-11 inclusive.  
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This general trend upward in accident numbers is predicted to continue to escalate unless HSE make 
some significant changes – in particular to protect the public by declaring a minimum safe distance 
between new turbine developments and occupied housing and buildings.  

Some countries are finally accepting that industrial wind turbines can pose a significant public safety 
risk.  In New Zealand, the government is set to change planning rules to give residents the right to 
veto wind turbines from being built within 2km of their homes.  In Australia, the Victorian government 
has set guidelines forbidding wind turbine construction closer than 2km to houses.  In Scotland, a 2km 
guideline is also in place between large wind farm developments and communities, though the 
guideline is disgracefully ignored by the Scottish government planners.  And in Canada, the Ontario 
Government has declared a moratorium on offshore wind projects and has proposed a reduction of 
noise from wind turbines from 40dB to 30-32dB, which would effectively extend the setback distance 
from homes.   

Data attached is presented chronologically.  It can be broken down as follows: 

Number of accidents 

Total number of accidents: 1292 

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12*
No. 1 9 98 30 17 70 66 59 71 82 124 130 130 119 160 126

* To 30 Sept 2012 only 

Fatal accidents 

Number of fatal accidents: 96 

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No. 1 8 15 3  1 4 4 4 5 5 10 7 7 13 9 
* To 30 Sept 2012 only 

Please note: There are more fatalities than accidents as some accidents have caused multiple 
fatalities.

Of the 125 fatalities: 

� 75 were wind industry and direct support workers (divers, construction, maintenance, 
engineers, etc), or small turbine owner /operators. 

� 50 were public fatalities, including workers not directly dependent on the wind industry (e.g. 
transport workers).  17 bus passengers were killed in one single incident in Brazil in March 
2012.
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Human injury 

112 accidents regarding human injury are documented.   

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.   5 4 1 2 2 2 6 10 16 16 9 14 12 13 
* To 30 Sept 2012 only 

93 accidents involved wind industry or construction/maintenance workers, and a further 19 involved 
members of the public or workers not directly dependent on the wind industry (e.g. fire fighters, 
transport workers).  Six of these injuries to members of the public were in the UK.   

Blade failure 

By far the biggest number of incidents found was due to blade failure.  “Blade failure” can arise from a 
number of possible sources, and results in either whole blades or pieces of blade being thrown from 
the turbine.  A total of 249 separate incidences were found: 

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.   35 4 6 15 13 15 12 16 22 20 26 20 19 26 
* To 30 Sept 2012 only 

Pieces of blade are documented as travelling up to one mile.  In Germany, blade pieces have gone 
through the roofs and walls of nearby buildings.  This is why CWIF believe that there should be a 
minimum distance of at least 2km between turbines and occupied housing, in order to adequately 
address public safety and other issues including noise and shadow flicker. 

Fire

Fire is the second most common accident cause in incidents found.  Fire can arise from a number of 
sources – and some turbine types seem more prone to fire than others.  A total of 195 fire incidents 
were found: 

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.   6 3 2 24 17 15 14 12 21 17 17 13 20 14 
* To 30 Sept 2012 only 

The biggest problem with turbine fires is that, because of the turbine height, the fire brigade can do 
little but watch it burn itself out.  While this may be acceptable in reasonably still conditions, in a storm 
it means burning debris being scattered over a wide area, with obvious consequences.   In dry 
weather there is obviously a wider-area fire risk, especially for those constructed in or close to forest 
areas and/or close to housing.  Three fire accidents have badly burned wind industry workers. 

Structural failure 

From the data obtained, this is the third most common accident cause, with 130 instances found.  
“Structural failure” is assumed to be major component failure under conditions which components 
should be designed to withstand.  This mainly concerns storm damage to turbines and tower collapse.  
However, poor quality control, lack of maintenance and component failure can also be responsible. 
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By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.  1 14 9 3 9 7 4 7 9 13 9 16 9 11 9 
* To 30 Sept 2012 only 

While structural failure is far more damaging (and more expensive) than blade failure, the accident 
consequences and risks to human health are most likely lower, as risks are confined to within a 
relatively short distance from the turbine.  However, as smaller turbines are now being placed on and 
around buildings including schools, the accident frequency is expected to rise.   

Ice throw 

34 incidences of ice throw were found.  Some are multiple incidents.  These are listed here unless 
they have caused human injury, in which case they are included under “human injury” above. 

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.   9   2 2 4 4 3  3 4 1 1 1 
* To 30 Sept 2012 only 

Ice throw has been reported to 140m.  Some Canadian turbine sites have warning signs posted 
asking people to stay at least 305m from turbines during icy conditions. 

These are indeed only a very small fraction of actual incidences – a report* published in 2003 
reported 880 icing events between 1990 and 2003 in Germany alone.  33% of these were in the 
lowlands and on the coastline. 
* (“A Statistical Evaluation of Icing Failures in Germany’s ‘250 MW Wind’ Programme – Update 2003, M Durstwitz, BOREAS VI 9-11 April 
2003 Pyhätunturi, Finland. )

Additionally one report listed for 2005 includes 94 separate incidences of ice throw and two reports 
from 2006 include a further 27 such incidences. 

Transport

There have been 108 reported accidents – including a 45m turbine section ramming through a house 
while being transported, a transporter knocking a utility pole through a restaurant, and a turbine 
section falling off in a tunnel.  Transport fatalities and human injuries are included separately. Most 
accidents involve turbine sections falling from transporters, though turbine sections have also been 
lost at sea, along with a £50M barge.  Transport is the single biggest cause of public fatalities. 

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.      4  3 6 6 19 10 11 11 24 14 
* To 30 Sept 2012 only 
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Environmental damage (including bird deaths) 

116 cases of environmental damage have been reported – the majority since 2007. This is perhaps 
due to a change in legislation or new reporting requirement.  All involved damage to the site itself, or 
reported damage to or death of wildlife.  48 instances reported here include confirmed deaths of 
protected species of bird.  Deaths, however, are known to be far higher.  At the Altamont Pass 
windfarm alone, 2400 protected golden eagles have been killed in 20 years, and about 10,000 
protected raptors (Dr Smallwood, 2004). In Germany, 32 protected white tailed eagles were found 
dead, killed by wind turbines (Brandenburg State records). In Australia, 22 critically endangered 
Tasmanian eagles were killed by a single windfarm (Woolnorth). Further detailed information can be 
found at: www.iberica2000.org/Es/Articulo.asp?Id=3071
and at: www.iberica2000.org/Es/Articulo.asp?Id=1875

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.   1  1 1 8 1 6 5 10 21 13 19 17 13 
* To 30 Sept 2012 only 

Other (miscellaneous) 

252 miscellaneous accidents are also present in the data.  Component failure has been reported here 
if there has been no consequential structural damage.  Also included are lack of maintenance, 
electrical failure (not led to fire or electrocution), etc.  Construction and construction support accidents 
are also included, also lightning strikes when a strike has not resulted in blade damage or fire.  A 
separate 1996 report** quotes 393 reports of lightning strikes from 1992 to 1995 in Germany alone, 
124 of those direct to the turbine, the rest are to electrical distribution network.  
** (Data from WMEP database: taken from report “External Conditions for Wind Turbine Operation – Results from the German ‘250 MW
Wind’ Programme”, M Durstewitz, et al, European Union Wind Energy Conference, Goeteborg, May 20-24, 1996) 
From 2012, human impact is also included under miscellaneous – for example, reports of shadow 
flicker, noise investigations and breaches, etc. 

By year:  

Year 70s 80s 90s 00 01 02 03 04 05 06 07 08 09 10 11 12* 
No.   13 7 4 12 13 11 12 16 18 24 27 25 43 27 
* To 30 Sept 2012 only 

Caithness Windfarm Information Forum 
30 Sept 2012 
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EXHIBIT C 
 

Caithness Compilation of 
Wind Turbine Incidents 
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Wind Turbine Accident  
Compilation To Nov. 2006 
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WIND TURBINE ACCIDENT COMPILATION
Last updated at 3/1/2006 Compiled by David Craig

Accident type Date Site/area State/Country Turbine type Details Info source Web reference/link Alternate web reference/link
1 Fatal 1975 Choteau MT, USA 2kw Tim McCartney, atop tower removing small 

turbine.
Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

2 Fatal 1981 Boulevard California, USA 40kw Terry Mehrkam, atop nacelle, run-away rotor
no lanyard.

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

3 Fatal 1982 Bushland Texas, USA 40kw Pat Acker, 28, rebar cage for foundation 
came in contact with overhead power lines

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

4 Fatal 1982 Denmark 50kw Jens Erik Madsen, during servicing of 
controller

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

5 Fatal 1983 Palm Springs California, USA 500kw Eric Wright on experimental VAWT - came 
down with man basket 

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

6 Fatal 1984 Altamont Pass California, USA 65kw J.A. Doucette, unloading towers from a truck
towers rolled off truck

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

7 Fatal 1984 Palm Springs California, USA 80kw Art Gomez, servicing Dynergy crane Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

8 Fatal 1984 Indiana Indiana, USA Jacobs 10kw Ugene Stallhut, ground crew, driving tractor 
as tow vehicle, tractor flipped over crushing 
him

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

9 Fatal 1989 Palm Springs California, USA 65kw John Donnelly, atop nacelle, servicing 
Nordtank nacelle, no brake, lanyard caught 
on main shaft protrusion

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

10 Fatal 1990 Holland 100kw Dick Hozeman, atop nacelle, entered 
Polenko nacelle in storm, no brake, caught 
on spinning shaft

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

11 Fatal (2 deaths) 1990 Denmark 400kw Leif Thomsen, & Kaj Vadstrup, both killed 
servicing rotor, no locking pin on rotor, brake 
released accidentally, rotor began moving 
catching man basket & knocking it to the 
ground, third man clung to tower until 
rescued

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

12 Fatal 1991 Tehachapi California, USA 90kw Thomas Swan, crane operator, travelling, 
locking pin failed, boom swung downhill into 
66 kV power line

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

13 Fatal 1992 Palm Springs California, USA 65kw Richard Zawlocki, descending tower without 
lanyard, without fall restraint system in place, 
lanyard found holding nacelle cover open, 
found at base of tower

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

14 Blade failure 1992 Delabole Cornwall, UK Vestas 400kw Blades damaged by lightning two weeks afte
opening

r“Accidents”, D Krämer, BLS, Dec. 2000. http://www.bradworthy.com/user/nonIEbrows
er/200103/local wind farm.html

15 Environmental 1992 FloWind site, Tehachap
Pass, California

iUnited States Darrieus turbines Accelerated, human-induced erosion caused 
by rain runoff from service roads and wind 
turbine pads in the Tehachapi Pass, CA.  Th
site is now owned by Florida Power & Light 
and the eggbeater or Darrieus turbines have 
since been removed and several erosion 
control practices instituted. While these 
practices have reduced erosion in the gullies 
shown, new gullies have formed elsewhere 
along the ridge, hence erosion continues.

"Erosion Gullies in the Tehachapi Pass: An 
Example of Improper Wind Development" - 
article by Paul Gipe with photos.  Originally 
written in 1996, the article has recently (200
been brought up to date, saying that 
essentially nothing has changed since then

http://www.wind-
works.org/articles/TehErosion.html

16 Fatal 1993 Illinois Illinois, USA 2kw Robert Skarski, erecting small wind turbine, 
tower collapsed with Skarski strapped to it

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

17 Blade failure 12/9/1993 Mynydd-y-Cemmaes Powys, Wales WEG 300kw Several turbines severely damaged during a 
storm, including a large blade part which was 
thrown over 400m.  An independent witness 
estimated the blade piece to weigh 1 tonne 
and travel almost 500m.

Windpower Monthly January 1994.

18 Structural failure 12/15/1993 Cold Northcott Cornwall, UK WEG MS-3 300kw Complete blade and rotor broke away from 
tower during December 1993 only one mont
after opening. Date simply used as mid-point 
for the month

Windpower Monthly January 1994.

19 Fatal - ice 1994 Minnesota MN, USA 300kw Mark (Eddie) Ketterling, inside Kennetech 
base tower section, winter, large chunk of ic
fell, cutting him in half

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe                 Also 
Windpower Monthly April 1994

http://www.wind-
works.org/articles/BreathLife.html

20 Miscellaneous 6/1/1994 Bonus 300kw "Birds nest caused major failure".  Date is of 
magazine publication

Windpower Monthly June 1994

21 Lightning - blade 
failure

Not known.  1994 or 
after

Kirkby Moor, Cumbria UK Vestas 400kW One of the turbines on Kirby Moor failed in 
spectacular fashion following a lightning 
strike, the blades disintegrated hurling debris 
across the moor. Tattered remains of the 
glassfibre coating are all that remained on 
the blade tips. The nose cone was also blow
off by the lightning strike.  Commisioned in 
1994, the accident must have happened 
sometime later

MAIWEG web site with photos http://www.windfarm.fsnet.co.uk/gallery.htm

22 Blade failure 7/18/1995 Rüdersdorf Branderburg, Germany 11m long piece of rotor blade landed 
adjacent to children’s nursery.  Date is of 
newspaper

Newspaper “Märkische Oder”, 18/7/1995. 
Also “Accidents”, D Krämer, BLS, Dec. 2000

23 Blade failure 11/15/1995 Tarifa Spain Kenetech 90 kw S-33 Two separate occurrences of blades broken 
off during November 1995.  Date simply 
used as mid-point for the month

Windpower Monthly, December 1995.

24 Blade failure 12/1/1995 Greece 34 Windmaster 300kw Cracks found in blades.  Date is of magazine 
publication

Windpower Monthly December 1995

25 Fatal (unconfirmed) 1996 China China, cleaning blades, unconfirmed Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

26 Fatal (unconfirmed) 1996 USA US, boat operator decapitated by small 
machine, unconfirmed

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.wind-
works.org/articles/BreathLife.html

27 Ice throw  1996 Bensersiel East Friesland/ 
Niedersachsen,
Germany

AN Bonus Thrown ice - Case before Crown Court in 
Oldenburg. Public injury

“Accidents”, D Krämer, BLS, Dec. 2000

28 Ice throw  1996 Borgholzhausen Sauerland, Germany 30cm ice lumps landing on footpath, and 
damage to trees.

“Accidents”, D Krämer, BLS, Dec. 2000

29 Blade failure 2/22/1996 East Friesland Niedersachsen,
Germany

Parts of rotor blade reported landing in 
people’s garden.   Date is of newspaper

East Friesland daily newspaper, 22/2/1996. 
Also “Accidents”, D Krämer, BLS, Dec. 2000

30 Blade failure 9/15/1996 Eesmond Holland Kenetech Second blade failure reported during 
September. Date simply used as mid-point 
for the month

Windpower Monthly January 1997

31 Ice throw 10/29/1996 Krummendeich Niedersachsen,
Germany

“In winter the rotors sling ice lumps through 
the air – we were cheated”.   Date is of 
newspaper

Interview regarding turbine planning 
permission, East Friesland newspaper 
29/10/96. Also “Accidents”, D Krämer, BLS, 
Dec. 2000

32 Blade failure 10/30/1996 Satrup-Esmark to 
Havetoft road

Schleswig-Flensberg
County, Germany

Turbine blades broke and fell.  Pieces lande
on the road and damaged an adjacent 
turbine.   Date is of newspaper

Newspaper “Schleswiger Nachtichten”, 
30/10/1996. Also “Accidents”, D Krämer, 
BLS, Dec. 2000

33 Ice throw 11/8/1996 Werdum/Buttforde Kreis Wittmund/ 
Niedersachsen,
Germany

Kg weight ice lumps landing in the street.
Date is of newspaper

Interview with Werdum’s Mayor, East 
Friesland newspaper 8/11/96. Also 
“Accidents”, D Krämer, BLS, Dec. 2000

34 Fatal 1997 Indiana Indiana, USA 500kw Randy Bruce Crumrine, 36, crane oiler, towe
crane collapsed

rWind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe                  Also 
Windpower Monthly August 1997

http://www.wind-
works.org/articles/BreathLife.html

35 Fatal 1997 Lemvig Denmark 50kw Ivan Sørensen, 'Vestas windsmith, 
repowering project, removing turbine, 
removed nacelle fixing bolts prematurely

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe                    Also 
Windpower Monthly December 1997 and 
February 1998

http://www.wind-
works.org/articles/BreathLife.html

36 Fatal - driver 
distraction - public 
fatality

1997 Erneuter Tödlicher 
Autounfall bei Erftstadt-
Erp

Westphalia, Germany First of three public fatalities at the same 
location put down to driver distraction. 
Accident spot is where turbines become 
visible to drivers - on circular road 33 
(Kreisstraße 33)

Kölner Stadtanzeiger-Erftkreis from
8.3.2003

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

37 Ice throw 1/10/1997 Selbitz-Sellanger Kreis Hof/Bayern, 
Germany

Ice documented as thrown up to 85m, weigh
up to 0.5kg, between 8th and 10th January. 
Photographs available 

“Accidents”, D Krämer, BLS, Dec. 2000.
Reporter contact details available.  Also 

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

38 Ice throw 1/21/1997 Stein-Neukirch Westerwald/Kreis/Thein
land-Pfalz, Germany

Ice from Lichtenthäler turbine landed on roa
Ice pieces “bigger than A4 paper” missed 
colleague by only 2m, travelled 80m

“Accidents”, D Krämer, BLS, Dec. 2000.
Letter from Mayor of Stein-Neukirch dated 
22/1/1997

http://wilfriedheck.tripod.com/2unf.htm

39 Blade failure 2/18/1997 Island of Nordstrand Kreis North 
Friesland/Schlesvig-
Holstein, Germany

HSW-250 Blade parts flew over 300m across a road.
Two of three blades came off.

Newspaper “Nordfriesland Tageblatt” 
20/2/1997.  Also “Accidents”, D Krämer, 
BLS, Dec. 2000.   Also Windpower Monthly 
May 1997

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

40 Blade failure 2/21/1997 Waldaubach Westerwald/Hessen,
Germany

Enercon Rotor blade blown off. Blade parts found 
400m to 500m away.  Parts landed in 
summer house.  Date is of newspaper

“Accidents”, D Krämer, BLS, Dec. 2000.
Eyewitness report – contact details available

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

41 Fatal - blade failure 4/4/1997 Kaiser-Wilhelm-Koog Schlesvig-Holstein,
Germany

HSW 600KW 
prototype

Bernhard Saxen, 42, inside prototype turbine 
at KWK test field. Blade parts flew up to 
500m. Part of turbine housing also blown off, 
killing Bernhard.

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe                         Also 
Windpower Monthly May 1997 and 
September 1997.  Newspaper “Nordwest-
Zeitung” 5/4/1997. 

http://www.wind-
works.org/articles/BreathLife.html

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

42 Blade failure 4/12/1997 Großenwiehe
/Wanderup

Schleswig-Holstein,
Germany

Tacke Large blade part (66%) travelled >50m. 
Road only 20m away.

“Accidents”, D Krämer, BLS, Dec. 2000.
Eyewitness report – contact details available

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

43 Ice throw 11/29/1997 Willmandinger
Alb/Himmelbjerg

Kreis Reutlingen/Baden
Württemberg, Germany

Damage to car on road by “tennis-ball” sized 
piece of ice.  Date is of newspaper

Newspaper report – “Suuwest Presse”, 
29/11/1997, Reutlingen edition. Also 
“Accidents”, D Krämer, BLS, Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

44 Blade failure 12/15/1997 Taff Ely Mid Glamorgan, Wales, 
UK

Blades damaged by lightning during 
December 1997.  Date simply taken as mid-
point for the month.

New Review, Issue 36, May 1998. http://www.dti.gov.uk/NewReview/nr36/html/
wind.html
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45 Blade failure 12/15/1997 Four Burrows Cornwall, UK Bonus 300kw Blades damaged by lightning during 
December 1997.  Date simply taken as mid-
point for the month.

New Review, Issue 36, May 1998. http://www.dti.gov.uk/NewReview/nr36/html/
wind.html

46 Miscellaneous 12/24/1997 Mynydd-y-Cemmaes Powys, Wales WEG 300kw Turbine had its transformer door blown off 
which left direct access to 660 volt 
machinery.  Turbine remained operational 
with the door off for at least 3 days. Date 
confirmed by independent witnesses

Cambrian News 8 Jan 1998 http://www.dti.gov.uk/NewReview/nr36/html/
wind.html

47 Fire 12/24/1997 Mynydd-y-Cemmaes Powys, Wales WEG 300kw Turbine overheated then burnt out.
Witnesses reported “balls of fire” coming 
from the turbine.  Burning debris was thrown 
150 meters, setting the hillside and a public 
right-of-way on fire.

Cambrian News 8 Jan 1998.  Also 
Windpower Monthly February 1998

http://www.dti.gov.uk/NewReview/nr36/html/
wind.html

48 Miscellaneous 12/25/1997 Mynydd-y-Cemmaes Powys, Wales WEG 300kw Serious damage to most of the turbines 
observed following the storm and fire the 
previous day.  Wintesses reported only 4-5 
turbines operating out of 24. One witness 
finally reported the incident to Fire Brigade, 
Police and HSE on 29th December.  None 
had been informed by the operators

Private account.  Also Cambrian News 8 Jan 
1998.

49 Blade failure 12/27/1997 Dollrottfeld Schleswig-Holstein,
Germany

Tacke, 600 KW Blade broken off. Road only 20m away. 
Photographs available.  Date is of newspaper

Newspaper “Schleswiger Nachtichten” 
27/12/1997. Also “Accidents”, D Krämer, 
BLS, Dec. 2000.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

50 Structural failure 3/5/1998 Simonsberg near 
Husum

Kreis North 
Friesland/Schleswig-
Holstein, Germany

Enercon E40 Rotor and housing fell 42m off turbine tower. 
Date is newspaper date

Newspaper “Husumer Nachrichten” 5/3/1998
Also “Accidents”, D Krämer, BLS, Dec. 2000.
Also Windpower Monthly June 1998

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

51 Lightning 5/31/1998 Green Mountain Power 
Wind Power Project, 
Searsburg

Bennington, Vermont, 
USA

11 x Zond 550kW 
turbines, 40m diam, 
40m tower

AWEO reports that in May 1998, lightning 
damaged 8 turbines.  Confirmed by the EPR
report referenced.  2 suffered cracked 
blades, the remained suffered other damage
It took 4 months to replace the blade on 
Turbine 7.

.

American Wind Energy Association report - 
see URL.  Also "Green Mountain Power 
Wind Power Project.  First Year Operating 
Experience: 1997-1998, TR-111437, Final 
Report, December 1998, EPRI."

http://www.aweo.org/windsearsburg.html http://epriweb.com/public/TR-111437.pdf

52 Structural failure 6/9/1998 Gujarat Between Ahmadabad 
and Bombay, India

Various: e.g. Bonus , 
Vestas, Micon

129 of 315 turbines destroyed. Various newspaper articles.  This followed a 
major storm (cyclone).  Also “Accidents”, D 
Krämer, BLS, Dec. 2000.  Also Windpower 
Monthly September 1998

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

53 Lightning 9/1/1998 Green Mountain Power 
Wind Power Project, 
Searsburg

Bennington, Vermont, 
USA

11 x Zond 550kW 
turbines, 40m diam, 
40m tower

EPRI report states damage to SCADA 
equipment during September 1998, resulting 
in 12 hours downtime.

"Green Mountain Power Wind Power Project
Second Year Operating Experience: 1998-
1999, TR-113917, Final Report, December 
1999, EPRI."

http://epriweb.com/public/TR-113917.pdf

54 Fire 9/20/1998 Saron Kreis Demmin/ 
Mecklenburg/
Vorpommern, Germany

Turbine housing completely destroyed by fir
Public damage - car also destroyed.

Newspaper “Lübecker / Mecklenburger 
Nachtrichen” 20/9/1998.  Also “Accidents”, D 
Krämer, BLS, Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

55 Blade failure 10/18/1998 Goonhilly Helston, Cornwall, UK Blades hit by lightning – “considerable 
damage”

“Accidents”, D Krämer, BLS, Dec. 2000.
Photographs available.

56 Structural failure 12/27/1998 Llangwyryfon Dyfed, Wales WEG MS-3 300kw Two blades ripped from hub.  Tower bent.
Blade pieces travelled 500m.

“Winds blow turbine from tower”Windpower
Monthly March 1999.  Also  “Accidents”, D 
Krämer, BLS, Dec. 2000.

57 Fatal - driver 
distraction - public 
fatality

1999 Erneuter Tödlicher 
Autounfall bei Erftstadt-
Erp

Westphalia, Germany Second of three public fatalities at the same 
location put down to driver distraction. 
Accident spot is where turbines become 
visible to drivers  - on circular road 33 
(Kreisstraße 33)

Kölner Stadtanzeiger-Erftkreis from
8.3.2003

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

58 Ice throw 1/5/1999 Gebrannten Rücken Bromskirchen,
Frankenberg County, 
Hessen, Germany

 Damage to car by ice.  Approx. 20 pieces of 
ice from a turbine 100m away.

“Accidents”, D Krämer, BLS, Dec. 2000.
Eyewitness report – contact details available

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

59 Structural failure 1/16/1999 Rebgeshain Vogelsbergkreis,
Hessen, Germany

Enercon E-40 Blade and turbine fell 63m off turbine tower.
Attributed to failure of securing “kingpin” bolt.
Same failure as 1/3/99 incident below

Windpower Monthly March 1999, May 1999 
and July 1999.  Also “Accidents”, D Krämer, 
BLS, Dec. 2000.  Letter to building inspectio
authorities in Nordrhein-Westfalen, 12/3/99.
Also press release by BLS 25/3/99. Also 
Newspaper “Ostfreisische Nachrichen”, 
Aurich, 26/3/99 and report by Enercon to 
Harlingerland 8/4/99, plus newspaper 
“Jeversches Wochenblatt” 8/4/99. 

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

60 Blade failure 2/5/1999 Renkenberge, Kreis 
Emsland
/Niedersachsen

Lower Saxony, 
Germany

Micon 64/1500 
1.5MW

Blade parts blown off.  Parts found 100m 
away

“Accidents”, D Krämer, BLS, Dec. 2000.
Also newspaper “Meppener Tagespost” 
4/3/1999.  Photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

61 Blade failure 2/5/1999 Wilsickow Kreis Uchermark/ 
Brandenburg, Germany

AN Bonus, 1MW At least 20 separate blade parts up to 1m 
recorded – blown to greater than 300m

“Accidents”, D Krämer, BLS, Dec. 2000. http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

62 Blade failure 2/5/1999 Hachenburg Westerwald-
Kreis/Rheinland-Pfalz,
Germany

Fuhrländer, 250 KW Blade parts flew almost 40m and fell near 
heavily used footpath.  Possible lightning 
cause.

Newspaper “Rhein-Zeitung”, Westerwälder 
Zeitung edition, 6/2/99 – article title “How 
dangerous are wind turbines?” Also 
“Accidents”, D Krämer, BLS, Dec. 2000.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

http://wilfriedheck.tripod.com/2unf.htm

63 Blade failure 2/5/1999 Burmönken Kreis Wittmund/ 
Niedersachsen,
Germany

Tacke 600 KW Blade broken off. Blade parts flew off “Accidents”, D Krämer, BLS, Dec. 2000.
Photos.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

64 Blade failure 2/5/1999 Lathen, Ems County, 
Lower Saxony

Germany NEC Micon64, 1.5kW Frozen rotor blade detached from main rotor 
and disintegrated.  Parts flew 100m

Meppeners Daily Mail of 4/4/99. Also Gerd 
Jansen.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

65 Blade failure 2/5/1999 Wijnaldum Holland Vestas, V 39/500 Lightning strike destroyed turbine blades WSH-WINDNIEUWS.  Also “Accidents”, D 
Krämer, BLS, Dec. 2000.

http://home.wxs.nl/~windsh/nieuws.html http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

66 Blade failure 2/5/1999 Lelystad Holland 4 x Windmaster 
43/750

Blade parts of 4 turbines badly damaged by 
lightning.

WSH-WINDNIEUWS.  Also “Accidents”, D 
Krämer, BLS, Dec. 2000.

http://home.wxs.nl/~windsh/nieuws.html http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

67 Blade failure 2/5/1999 Seglabera in Halland Sweden Vestas Blade part flew almost 150m Newspaper “Hallandsposten” 12/3/1999. Als
“Accidents”, D Krämer, BLS, Dec. 2000.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

68 Blade failure 2/16/1999 Sustrum Kreis Emsland/ 
Niedersachsen,
Germany

Micon 64/1500 
1.5MW

7m to 8m long blade part flew >200m.  More 
than 10 other pieces up to 1m long were 
recovered. 32 similar turbines at two sites 
shut down by manufacturer due to safety 
reasons

“Accidents”, D Krämer, BLS, Dec. 2000.
Also newspaper “Meppener Tagespost” 
4/3/1999.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

69 Blade failure 3/1/1999 Allstedt/Nienstedt
(Galgenberg)

Kreis Sangerhausen/ 
Sachsen-Anhalt,
Germany

GET 41 Two blade parts >20m long blown off and 
travelled >150m. Photos.

Newspapers “Mitteldeutsche Zeitung” 
2/3/1999 and “Volksstimme“ 3/3/1999. Also 
“Accidents”, D Krämer, BLS, Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

70 Structural failure 3/1/1999 Helpershain Vogelsbergkreis,
Hessen, Germany

Enercon E-40 Blade and turbine fell off turbine tower.  63m 
drop. Attributed to failure of securing 
“kingpin” bolt.  Same failure as 16/1/99 
incident above.  17 identical turbines shut 
down.

Windpower Monthly March 1999, May 1999 
and July 1999.  Also “Accidents”, D Krämer, 
BLS, Dec. 2000.  Letter to building inspectio
authorities in Nordrhein-Westfalen, 12/3/99.
Also press release by BLS 25/3/99. Also 
Newspaper “Ostfreisische Nachrichen”, 
Aurich, 26/3/99 and report by Enercon to 
Harlingerland 8/4/99, plus newspaper 
“Jeversches Wochenblatt” 8/4/99. 

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

71 Fire 3/1/1999 Eemmerdijk Holland “Turbine fire at Eemmerdijk”  Date is for 
magazine publication

Windpower Monthly March 1999

72 Blade failure 4/12/1999 Blankenheim Kreis Sangerhausen/ 
Sachsen-Anhalt,
Germany

Tacke TW 600 Blade fell to ground. Newspaper “Mitteldeutsche Zeitung” 
13/4/1999. Also “Accidents”, D Krämer, BLS, 
Dec. 2000.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

73 Ice throw 4/27/1999 Grebenhain Lauterbach, Germany Pieces of ice thrown 70 to 80m from turbine 
during the week prior to 27 April.

Newspaper report “Lauterbacher Anzeiger” 
27/4/1999. Also “Accidents”, D Krämer, BLS, 
Dec. 2000

74 Ice throw 4/27/1999 Engelrod Helpersheim 
with
Grebenhain/Vogelsberg
kreis

Hessen, Germany Ice thrown 80m between Engelrod and 
Helperscheim.  Large ice plates

Source: forest officer Jeurgen Fornof. 
Grebenhain

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

75 Blade failure 5/1/1999 Germany NEG Micon 1.5MW Lightning damaged wood epoxy blades.
Date is for magazine publication

Windpower Monthly May 1999.  Also 
“Accidents”, D Krämer, BLS, Dec. 2000

76 Lightning 7/1/1999 Green Mountain Power 
Wind Power Project, 
Searsburg

Bennington, Vermont, 
USA

11 x Zond 550kW 
turbines, 40m diam, 
40m tower

4 turbines damaged.  EPRI report states 
considerable control system damage to 
turbines 1 & 10 and further damage to 
turbines 7 & 9 by two lightning storms during 
July 1999.

"Green Mountain Power Wind Power Project
Second Year Operating Experience: 1998-
1999, TR-113917, Final Report, December 
1999, EPRI."

http://epriweb.com/public/TR-113917.pdf

77  Fire  20/9/1999 Zielenser Weg, 
Grafschaft Kreis 
Friesland / 
Niedersachsen

Lower Saxony, 
Germany

 GET 600kW Turbine completely burnt out.   Fire crew 
could do nothing due to height of fire and 
danger from falling debris.  Turbine 4 years 4 
months old

Newspaper “Jeversches Wochenblatt” 
21/2/99.  Also “Accidents”, D Krämer, BLS, 
Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

78 Miscellaneous 10/7/1999 Spieka-Neufeld Gemeinde Nordholz, 
Landkreis Cuxhaven, 
Germany

Weather ring 1.3m diameter fell 53m off the 
turbine.  Poor maintenance blamed. Photos.

Newspaper “Nordsee-Zeitung”, local 
Landkreis edition 13/10/99.  Also “Accidents”
D Krämer, BLS, Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

79 Human injury / 
Structural failure

10/23/1999 Lake Isabella, 
Bakersfield

California, US STS was installing a 
Bergey Excel on an 
80-foot (24-meter) 
guyed lattice tower 
near Lake Isabella for 
Buckeye Farms

Cause not determined.  Turbine toppled whil
being erected - on to operator.  Operator 
suffered spinal injuries and is wheelchair 
bound.  Another fell 15 feet and suffered 
minor injuries.

Newspaper “Bakersfield Californian” 
23/10/1999.  Also Aagaard web page.  Web 
article quotes 19 deaths from working on 
wind turbines over 25 years

http://www.wind-
works.org/articles/Aagaard.html

80 Blade failure 11/7/1999 Heath/ Schleswig-
Holsein

Germany Brake system failure.  25m blades turning 4x 
normal speed.  60 residents within 500m 
evacuated between 6th and 7th November

Reuters 7.11.99 http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

81 Blade failure 12/3/1999 Sievern-Langden, Kreis 
Cuxhaven

Germany AN Bonus 1MW/54 Blade blown off.  Parts travelled 200m. Newspaper “Nordsee-Zeitung” 6/12/1999. 
Also “Accidents”, D Krämer, BLS, Dec. 2000.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

82 Structural failure 12/3/1999 Bocholt-Hemden Bocholt-Hemden,
Germany

The 15kg turbine tip flew off and travelled 
more than 50m.  Flew over road.

“Accidents”, D Krämer, BLS, Dec. 2000.
Eyewitness account – contact details 
available.  Photos. 

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

83 Structural failure 12/3/1999 Jutland Denmark Various, including 
Windmatic, Wincon, 
Bonus, Vestas, 
Nordtank & Kuriant

Storm destroyed 8 turbines.  Commonest 
accident - brake failure, rapid rotation 
followed by fire

On line report from Dutch website. Reporter 
details also available.  Also “Accidents”, D 
Krämer, BLS, Dec. 2000

http://home.wxs.nl/~hzwarber/wind/welkom.h
tml

84 Blade failure 12/3/1999 Zennhusen Germany Two turbines damaged by lightning – one lo
a blade and two others were shattered.

Newspaper “Dithmarscher Landeszeitung” 
4/12/99.  Also “Accidents”, D Krämer, BLS, 
Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

85 Blade failure 12/4/1999 Westermarsch II, 
Norddeich

Lower Saxony, 
Germany

Enercon E33 Rotor blade destroyed by lightning strike. 
Photos.

Newspaper “Emder Zeitung”, Aurich, 
8/12/1999. Also “Accidents”, D Krämer, BLS, 
Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

86 Structural failure 12/9/1999 Eemshaven Holland Kenetech (US) Two rotor blades fell off in a period of weeks.
94 turbines shut down.

On line report from Dutch website. Reporter 
details also available.  Also “Accidents”, D 
Krämer, BLS, Dec. 2000.  Also newspaper 
“Ostfriesen-Zeitung” 11/12/1999. Photos.

http://home.wxs.nl/~hzwarber/wind/welkom.h
tml
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87 Structural failure 12/12/1999 Lichtenau-Asseln Paderborn, Nordrhein-
Westfalen, Germany

Sudwind S 46/600 kw 60m high turbine tower broke 10m above the 
ground.  Rotor parts and parts of the 46m 
blades travelled up to 200m. 

Newspaper “Westfalenblatt”, Paterborn, 
13/12/1999. Photos.  Also Newspaper 
“Westfalenblatt”, Paterborn, 18/12/1999.
Also Weekly paper “Landwirtschaftliche 
Wochenblatt” No. 52/99, p29-30.  Also 
FOCUS 18/12/1999, p13 “Low pressure in 
first half of December converted many wind 
turbines into dangerous metal centrifuges“.
Also “Accidents”, D Krämer, BLS, Dec. 2000.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

88 Blade failure 12/19/1999 Stöffin Neuruppin, Germany Südwind Blade bend, hit tower and shattered.  Pieces 
over a circle of about 50m diameter

Newspaper “Berliner Morgenpost” 
22/12/1999.  Also Newspaper “Gransrr-
Zeitung” 4/1/2000. Also “Accidents”, D 
Krämer, BLS, Dec. 2000.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

http://home.wxs.nl/~windsh/nieuws.html

89 Blade failure 12/22/1999 Leewarden Holland NEDWIND NW 
46/3/500

Serious damage to rotor blades after 
lightning strike

Newspaper “Leewarden Courant” 
23/12/1999.  Also “Accidents”, D Krämer, 
BLS, Dec. 2000

http://home.wxs.nl/~windsh/nieuws.html http://members.aol.com/fswemedien/ZZUnfa
lldatei_97_99.htm

90 Structural failure 2000 Port la Nouvelle, Aude France Turbine mast broke during a storm.  No 
further details.  There are 5 turbines on the 
site - 4 x 500kW constructed in September 
1993, and 1 x 200kW constructed in 1991.
No details of which type was destroyed. The 
first of several such French incidents which 
led to a formal investigation of wind turbine 
safety

"Rapport sur la sécurité des installations 
éoliennes",  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.

91 Fire 1/4/2000  Dörpen Papenburg, Lower 
Saxony, Germany

Tacke TW 600a Turbine fire – cordoned off by police. Blades 
could not be shut down and continued to tur
Turbine head totally destroyed.  21m 3.8Te 
blades rotated uncontrollably at speed and 
on fire for many hours

Newspaper “Ems-Zeitung”, Papenburg, 
6/1/2000. Photos.  Also “Accidents”, D 
Krämer, BLS, Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

92 Public injury - ice 
throw

1/10/2000 St Hülfe / Heede Niedersachsen,
Germany

Local vet Dr. Victoria Roloff injured on 
shoulder by thrown ice, 50m from turbine. 
Public injury. Also reports of damaged cars 
- holes in roof

Newspaper “Diepholzer Kreisblatt”, 
Niedersachsen, 12/1/2000.  Eyewitness 
account and contact details available.  Photo
Also “Accidents”, D Krämer, BLS, Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://wilfriedheck.tripod.com/2unf.htm

93 Lightning 1/11/2000 Green Mountain Power 
Wind Power Project, 
Searsburg

Bennington, Vermont, 
USA

11 x Zond 550kW 
turbines, 40m diam, 
40m tower

AWEO reports that in January 2000, lightnin
damaged a turbine which could not be 
repaired until the following April.  The EPRI 
report provides more detail - the date was 
Janualy 11th and the turbine lost a blade as 
result.

American Wind Energy Association report - 
see URL.  Also "Green Mountain Wind 
Power Project.  Third Year Operating 
Experience 1999-2000", US DOE, EPRI

http://www.aweo.org/windsearsburg.html http://epriweb.com/public/000000000001000
960.pdf

94 Fire followed by 
structural failure

1/20/2000 Lichtenau Kreis 
Paderborn

Westphalia, Germany Sudwind S 46/600 kw Lightning strike, followed by fire.  Mast then 
split approx 10m above base.  Total loss.

Developer's website: 
http://erneuerbareenergien.de/0200/blitzschla
g.html

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.jbendfeld.de/crash.htm

95 Blade failure 1/21/2000 Samso, Aalborg, 
Jutland

Denmark 55 kW Nordtank Complete rotor and housing with blades 
broken.  One of the blade pieces went 
through a window and landed in a swimming 
pool at 200 metres distance; another piece 
was thrown 600 metres.

On line report at Dutch website.  Also Paul 
Gipe "Wind Energy -- The Breath of Life or 
the Kiss of Death: Contemporary Wind 
Mortality Rates".  Also Stichting Windhoek 
21/1/00

http://home.wxs.nl/~hzwarber/wind/welkom.h
tml

http://www.wind-
works.org/articles/BreathLife.html

96 Structural failure 1/29/2000 Jutland Denmark Various Storm destroyed three turbines. Commonest 
accident - brake failure, rapid rotation 
followed by fire

On line report from Dutch website. Reporter 
details also available.  Also “Accidents”, D 
Krämer, BLS, Dec. 2000

http://home.wxs.nl/~hzwarber/wind/welkom.h
tml

97 Structural failure 2/10/2000 Wittmund Harlingerland, GermanyEnercon E32 Sudden and total collapse of turbine.
Spokesman quoted “concrete damage”.
Reported to be the "fourth turbine break 
within 8 weeks". 44 similar turbines shut 
down

Press statement by Joachim Schmidt, 
Enercon, via Reports for Harlingerland, 
20/4/2000.  Also “Accidents”, D Krämer, 
BLS, Dec. 2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

98 Structural failure 2/15/2000 Wehe den Hoorn bei 
Groningen

Holland Lagerwey Tower collapsed during storm.  Total loss.  A
44 Lagerwey turbines in Holland stopped 
from 15 February and were still stopped at 8 
April 2000.

lGroninger Dagblad 8.4.2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

99 Structural failure 3/11/2000 Wieringerwaard/Kolhor
n in West-Friesland 

Holland Newinco in Rhenen, 
30m tower

Between 10 and 11 March, turbine destroye
by storm.  Tower collapse.  Total loss.

Dagblad voor West-Friesland 13.3.2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

100 Electrical failure 3/13/2000 Groetpolder, Niedorp Holland Micon 600kW 19 turbines shut down due to short-circuit.
Melting insulation on wiring reported. Date is 
of newspaper article

Dagblad voor West-Friesland 13.3.2002 http://home.wxs.nl/~hzwarber/wind/welkom.h
tml

101 Human injury 4/1/2000 Palm Springs, CA USA Seawest Windpower 
Inc

Operator suffered severe burns from 
electrical fault in fuse holder.  Hospitalised fo
10 days with second and third degree burns.

From US Safety (OSHA) database. http://www.osha.gov/pls/imis/accidentsearch.
accident_detail?id=119947315

102 Structural failure 4/15/2000 Cold Northcott Cornwall, UK WEG MS-3 300kw Entire wind power station (22 turbines) 
closed during April due to metal fatigue. Dat
simply used as mid-point for the month

“Accidents”, D Krämer, BLS, Dec. 2000.
Also “Review of MS3 Turbines at Cemmaes, 
Cold Northcott and Llangwyryfon, Part 3: 
Structural/mechanical audit”, WS Atkins 
report L4104.003/R03

103 Structural failure 4/15/2000 Mynydd-y-Cemmaes Powys, Wales WEG MS-3 300kw Entire wind power station closed during April 
due to metal fatigue. Date simply used as 
mid-point for the month

“Accidents”, D Krämer, BLS, Dec. 2000.
Also “Review of MS3 Turbines at Cemmaes, 
Cold Northcott and Llangwyryfon, Part 3: 
Structural/mechanical audit”, WS Atkins 
report L4104.003/R03

104 Structural failure 4/15/2000 Llangwyryfon Dyfed, Wales WEG MS-3 300kw Entire wind power station closed during April 
due to metal fatigue.  Date simply used as 
mid-point for the month

“Accidents”, D Krämer, BLS, Dec. 2000.
Also “Review of MS3 Turbines at Cemmaes, 
Cold Northcott and Llangwyryfon, Part 3: 
Structural/mechanical audit”, WS Atkins 
report L4104.003/R03

105 Fire 5/2/2000 Zurndorf bei 
Eisenstadt/Burgenland

Austria Fire destroyed turbine - cause unknown, 
suspected lightning strike or mechanical 
source.  2 blazing rotors blades fell to 
ground.  Over 100 firemen watched over 
night - could do nothing else due to fire 
height.  Total loss.

Austrian report on internet http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

106 Fatal 5/27/2000 Lenkenfeld, Fehmarn Schleswig-Holstein,
Germany

Enercon 500kw 23 year-old parachutist on first solo jump 
drifts into turbine. Public fatality.  She 
jumped at 1200m and the parachute opened 
normally at 1100m.  Turbine was 4km from 
the intended landing site

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe                  Also 
Windpower Monthly July 2000.             Also 
Schweriner newspaper 31.5.200

http://www.wind-
works.org/articles/BreathLife.html

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

107 Blade failure 5/28/2000 Insel Norderney / 
Niedersachsen

Lower Saxony, 
Germany

Enercon E15 Storm tore the rotor nacelle and cover off.
One blade travelled between 100m and 
150m, landing on a factory and private hous
(family Zilles).  It pierced a 24cm thick stone 
wall, timber floor and roof of the house.
Luckily, the factory was closed due to 
holidays, and the family were absent on 
vacation. Turbine was constructed in 1986.
The turbines were subsequently shut down 
on 30 August 2000 following a court ruling on 
safety grounds and that they were too close 
to housing. 

Anzeiger für Harlingerland, 29.5.2000 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://wilfriedheck.tripod.com/2unf.htm

108 Lightning 6/1/2000 Green Mountain Power 
Wind Power Project, 
Searsburg

Bennington, Vermont, 
USA

11 x Zond 550kW 
turbines, 40m diam, 
40m tower

The EPRI report confirms that 2 turbines 
suffered extensive control system damage 
following a lightning strike in June 2000.

"Green Mountain Wind Power Project.  Third 
Year Operating Experience 1999-2000", US 
DOE, EPRI

http://epriweb.com/public/000000000001000
960.pdf

109 Component failure 7/10/2000 Limburg-Offheim im 
Kreis Limburg-
Weilburg/Hessen

Germany DeWind Problems with transformer at the wind park 
causes major power fluctuations in the 
nearby towns.  Reports of computers, TVs 
and fridges damaged.  Eventual mains failur
which was restored some time later.

Nassauische Neue Presse from 11.7.2000 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

110 Driver distraction 7/29/2000 Hamm-Sieg Germany Road "L290 to be defused" article in local 
newspaper. On a 4km stretch of the L290 
road where wind turbines are clearly visible, 
73 accidents reported over 4 years.  Four 
accidents very serious but none fatal.
Components and ice reported thrown over 
400m, onto and over the road. Date is of 
newspaper article

"Rhein-Zeitung", Lokalteil Westerwald-Sieg, 
29 July 2000

http://wilfriedheck.tripod.com/2unf.htm

111 Blade failure 10/30/2000 Utgast in Ostfriesland / 
Niedersachsen

Lower Saxony, 
Germany

Tacke 600 KW 21m long blade section weighing 2 tonnes 
flew approx 100m.  Turbine had passed an 
inspection only 4 weeks before.  Constructed 
in 1996

Anzeiger für Harlingerland, 31.11.2000 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://wilfriedheck.tripod.com/2unf.htm

112 Component failure 11/6/2000 Barlth bei Heide, Kreis 
Dithmarschen / 
Schleswig-Holstein

Germany Failed hydraulic value - turbine running at 
100rpm - over twice normal speed.  Could 
not be shut down in the wind. 20 houses 
evacuated overnight until turbine was shut 
down.

Dithmarschener Landeszeitung / 
Brunsbütteler Zeitung

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

113 Component failure 12/1/2000 Nordtank 600kw Gearbox failure warning – 270 turbines 
guaranteed to fail within 5 years  Date is of 
magazine publication

Windpower Monthly December 2000

114 Structural failure 12/9/2000 Burgos, Merindales Spain GamesaEólica G-47 
660kw

Tower fractured after being struck by blade 
on 9 December 2000. According to the onlin
article, blade parts travelled almost 1000m

Windpower Monthly February 2001.  Also 
online photos (see right)

http://ventdubocage.net/accident4.htm

115 Transport (fatal) 12/19/2000 Erwitte - Westfalen Germany 20-year old car driver killed in accident with 
loaded turbine transporter.  The transporter 
was turning and blocking the entire road.  No 
warnings were given and the 20-year old 
driver could not stop in time.  Operators 
considered the use of police escort 
unnecessary. Public fatality.

Lippstädter Zeitung - Der Patriot vom 
20.12.2000

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://wilfriedheck.tripod.com/2unf.htm

116 Component failure 1/5/2001 Windpark Opitzhöhe be
Groß-Opitz bei Dresden
/ Sachsen

Saxony, Germany Sudwind N3127 Failed pin between gearbox and turbine.
Turbine dates from 1995.

Operators own website http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.windfang-sachsen.de

117 Structural failure 1/15/2001 Castile Spain GamesaEólica G-47 
660kw

Nacelle rotor toppled from tower during 
January. Date simply used as mid-point for 
the month

Windpower Monthly February 2001

118 Structural failure 1/15/2001 León Spain GamesaEólica G-47 
660kw

Tower damaged during January.  Date 
simply used as mid-point for the month

Windpower Monthly February 2001

119 Environmental
damage

3/8/2001 Martinshöhe bei 
Kaiserslautern / 
Rheinland-Pfalz

Germany Leak of hydraulic oil into the surrounding 
ground.  Had to be cleaned up by a specialis
firm.

t
Die Rheinpfalz 10.3.01 http://members.aol.com/fswemedien/ZZUnfa

lldatei_00_02.htm

120 Blade failure 3/15/2001 Oederquart bei Stade / 
Niedersachsen

Lower Saxony, 
Germany

Vestas V66 33m blade piece broke off and travelled 
100m.  Cause - pin breaking.  Turbine only 2 
years old.  Investigation by Vestas into 200 
other V66 turbines in Germany found similar 
defects at Emden.

Stader Tageblatt http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.tageblatt.de/db/main.cfm?DID=3
7532
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121 Fire 3/19/2001 Goldenstedt im Kreis 
Vechta / Niedersachsen

Lower Saxony, 
Germany

GET 600 Technical defect quoted as source of fire.
Fire brigade could not fight the fire at 75m 
height so it was left to burn out. Total loss.
Turbine constructed in 1997.  Also it could 
have been worse (near miss) - a natural gas 
plant is only 200m from the turbine.  For this 
reason, the turbine has never been replaced
Charred remains still stood in October 2002

Oldenburger Volkszeitung (Vechta)  from 
20.3.2001

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

122 Blade failure 11/22/2001 Wybelsum, Stadt 
Emden / Niedersachsen

Lower Saxony, 
Germany

Enercon E66 33m long blade part weighing 4 Tonnes 
broke off and fell to the ground.  Turbine only 
2 years old.

Bild am Sonntag 16.12.2001 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

123 Blade failure 12/6/2001 Dirlammen bei 
Lauterbach/Vogelsberg
kreis / Hessen

Germany AT Bonus 1.3MW/62 Large blade part 4m x 1m broke off and 
travelled 150m.  Landed only 50m from a 
road

Landratsamt Lauterbach + Lauterbacher 
Anzeiger from 7.12.2001

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

124 Blade failure 12/21/2001 Bad Doberan / 
Mecklenburg-
Vorpommern (unter 
Vorbehalt)

Germany Preliminary details only.  Turbine blade broke 
off.  Nearby motorway A20 closed off.

Ingrid Lange, Rostock and internet http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

125 Component failure 12/24/2001 Windpark Opitzhöhe be
Groß-Opitz bei Dresden
/ Sachsen

Saxony, Germany Sudwind N3127 Failed pin between gearbox and turbine.
Second occurrence.  Turbine dates from 
1995.

Operators own website http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.windfang-sachsen.de

126 Lightning 1999 - 2001 Lincoln Township, WI United States Vestas V-47 660kW Reports of turbine blade failure and also 
damage to nearby homes and property

Excerpts from the Final Report of the 
Township of Lincoln Wind Turbine 
Moratorium Committee

http://www.glebemountaingroup.org/Articles/
Lincoln120403.doc

127 Blade failure 1/22/2002 Blyth Northumberland, UK Vestas, operated by 
Amec

Broken blade on first UK offshore turbine. 
Broke in 70mph wind. Photos

“Wind farm closed after blade snaps”, BBC 
news on-line.  Also Windpower Monthly 
February 2002 

http://news.bbc.co.uk/1/hi/england/1777268.s
tm

128 Component failure 1/25/2002 Windpark Opitzhöhe be
Groß-Opitz bei Dresden
/ Sachsen

Saxony, Germany Sudwind N3127 Failed pin between gearbox and turbine.
Third occurrence.  Turbine dates from 1995.

Operators own website http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.windfang-sachsen.de

129 Fire 1/27/2002 Westernieland,
Groningen

Holland Fire at night - cause unknown.  Total loss. Groninger Dagblad 28.1.2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

130 Structural failure 1/28/2002 Husum / Schleswig-
Holstein

Germany Windrad HSW 250 Turbine completely destroyed during storm. 
28m tower, 25 Tonnes.

Husumer Nachrichten, 30.1.02.  Also 
Weisbaden news online 29/1/2002.  Photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.wiesbaden-
online.de/on/02/01/29/topnews/sturm2.html

131 Blade failure 1/28/2002 Remlingen bei 
Wolfenbüttel / 
Niedersachsen

Lower Saxony, 
Germany

Enercon Blade shattered with an audible "crack".
Pieces scattered across the surrounding 
fields

Wolfenbütteler Zeitung 29.1.02 + 
Bürgermeister Siegbert Pfeifer (eyewitness)

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

132 Blade failure 2/1/2002 Wormhout (Nord) France 400kW A blade was torn off during a storm.  Date 
uncertain - quoted as February 2002. Only 
one turbine detailed for the site - 400kW - 
constructed in October 1997.

"Rapport sur la sécurité des installations 
éoliennes",  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.

http://ventdubocage.net/accident.htm http://www.suivi-
eolien.com/francais/SUIVI/SVD/statistiques.h
tm

133 Component failure 2/9/2002 Windpark Opitzhöhe be
Groß-Opitz bei Dresden
/ Sachsen

Saxony, Germany Sudwind N3127 Failed pin between gearbox and turbine.
Fourth occurrence.  Turbine dates from 
1995.

Operators own website http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.windfang-sachsen.de

134 Structural failure 2/19/2002 Javenloch bei 
Carolinensiel / 
Niedersachsen

Lower Saxony, 
Germany

Lagerwey 250kW Blades and turbine blown off tower.  Blades 
were 27m long - large parts travelled 235m.
Photos show this.  The turbine housing fell 
onto a transformer and also destroyed it.

Nordwest-Zeitung, Jever.  Photos available 
online

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://wilfriedheck.tripod.com/javenlh.htm

135 Blade failure 2/22/2002 Huppelbroich, Gem. 
Simmerath bei Aachen 

Westphalia, Germany Turbine blade torn off during snow storm.
7.5m blade part reported to travel 40m.
Turbine 10 years old.

Ingenbroich-Nachrichten, 26.2.2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

136 Fire 2/23/2002 Großhabersdorf-
Vincenzenbronn bei 
Fürth / Bayern

Bavaria, Germany Lightning strike set turbine blade ablaze.  Fir
brigade could do nothing due to the 70m 
height.  Left to burn out. Burning blade parts 
reported travelling several hundred meters.
Confirmed the following morning.  Burning 
parts not extinguished by driving sleet.

Nürnberger Nachrichten, Sackaktuell 
Vogstreichenbach and CSU Ammendorf.
Spectacular photos of blazing turbine at night

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://mitglied.lycos.de/radiosack/Sacktuell/s
acktuell.html

137 Fire 2/23/2002 Oostburg South-west Holland NedWind 500kW Lightning strike suspected as source.
Complete loss.  Turbine 9 years old.  Burning 
debris also destroyed a nearby transformer.
Nearby towns without power.

BN/De Stem 25 febr 2002, Dagblad voor 
Zuidwest - Nederland. Also Windpower 
monthly, April 2002

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

138 Ice throw 2/26/2002 Sefferweich bei Bitburg 
/ Rheinland-Pfalz

Germany Ice thrown during a meeting of CDU state 
parliament delegates with the site operator.
No-one hurt.  No further details

Trierischer Volksfreund - online http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

139 Fire 3/9/2002 Heiden in Kreis Borken Westphalia, Germany Fire in connecting substation at foot of 
turbine.  Extinguished successfully.

Fire brigade report 9/3/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.feuerwehr-
heiden.de/wehr/einsaetze/2002/einsaetze.ht
m

140 Blade failure 3/13/2002 Dörenhagen bei 
Paderborn

Westphalia, Germany NEG Micon 750kW Loss of blade at night during storm. One 
blade section 30m long weighing 5.5 Te fell 
off.  Smaller blade parts covered an area 
400m from the turbine.  Turbine only 2.5 
years old

Neue Westfälische, Ausgabe OWL, and 
www.nw-news.de  13/3/2002.  Photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://members.aol.com/hieronymusbosch2/r
otorblattschaden_30cmbreit.jpg

141 Public injury 3/13/2000 Rio Vista, CA United States Pilot was flying in an area cluttered with wind 
turbines and powerlines. He hit a line and 
plunged 120 feet.  Lucky to be alive but 
should not have been flying in the area in the 
first place.

AERIAL GUNNING CRASH REPORT, 
USDA/APHIS/WILDLIFE SERVICES, 
Wendy Keefover-Ring Sinapu, 1989-2005, 
Accident and Injury Summary 

http://www.goagro.org/crash.htm

142 Fire 3/15/2002 Yttre Stengrund Sweden NEG Micon Fire burnt out turbine in March 2002. 
Replaced in May 2002.  Offshore.  Date 
simply used as mid-point for the month

Windpower Monthly, May 2002

143 Fire 3/19/2002 Strocken im Landkreis 
Döbeln / Sachsen

Saxony, Germany Vestas V66 Fire started 5pm and could not be fought by 
the fire brigade due to the height.  Left to 
burn out.  Total loss.  One of 5 x V66 fires in 
Germany during 2002

Döbelner Anzeiger, 20.3.2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://members.aol.com/fswemedien/doebeln
.jpg

144 Blade failure / 
lightning

3/20/2002 Nettetal-Oirlich im Kreis 
Viersen

Westphalia, Germany DeWind 46 Lightning strike removed 1m of blade. 
Constructed in 1999

Westdeutsche Zeitung, 17.5.2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

145 Blade failure 4/8/2002 Großröhrsdorf im 
Landkreis Kamenz / 
Sachsen

Saxony, Germany "Technical defect" led to blade damage.
Turbine shut down and blade had to be 
replaced

Sächsische Zeitung 9/4/2002 and SP-online 
9/4/2002

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://mitglied.lycos.de/WilfriedHeck/defekt.ht
m

146 Fire 4/20/2002 Bad Wünnenberg-
Haaren (Helmern) bei 
Paderborn

Westphalia, Germany Vestas 1.5MW 108m 
overall height (V80?)

Turbine fire 300m from A44 motorway.  No 
wind that day so luckily no debris scattered 
over wide area.  Fire brigade could not fight 
the fire at 78m height - was left to burn out.
Burning debris around perifery of turbine.
Motorway closed for over 12 hours.  Turbine 
constructed in 2000.  Total loss

Lots of coverage - www.nw-news.de  Neue 
Westfälische, Ausgabe OWL / WDR Studio 
Bielefeld - Fernsehen and Radio. Photos 
available.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

147 Blade failure 4/29/2002 Lohe bei Lippstadt im 
Kreis Soest 

Westphalia, Germany Enercon Blade broke off during storm Lippstadter newspaper - Der Patriot, 
30.4.2002.  Photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://members.aol.com/hieronymusbosch2/l
oherotorbruch.jpg

148 Structural failure 5/15/2002 Colorado USA WTC Crack from first accident led to blade striking 
tower in second accident.  First accident in 
May 2002. An electronic device failure and a 
control system software glitch caused a 
blade to strike the tower. Date simply used 
as mid-point for the month

Info from developers own website http://www.windturbinecompany.com/milesto
nes/

149 Fire 6/12/2002 Holzheim bei Diez im 
Rhein-Lahn-Kreis (Bad 
Ems) / Rheinland-Pfalz 

Germany Fire spread from blazing car to neighbouring 
wind turbine and destroyed parts and cables 
in the lower part of the tower.  Further sprea
stopped by fast action of the Fire Brigade.

Nassauische Neue Presse, 14.6.2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

150 Human injury 7/1/2002 Sigean, Aude France 660kW Mechanic electrocuted after metal tool 
contacted a live transformer connection.  Th
survived but was badly burned and shocked.
He facility was closed for 4 months during 
accident investigation.  Turbines operational 
from May 2000

"Rapport sur la sécurité des installations 
éoliennes",  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.

151 Fatal 10/07/2002 Eemmeerdijk,
Zeewolds, Flevoland

Holland 1MW Two men reported to fall 10m within the 
turbine tower.  The one above fell on his 
fellow worker and was killed on the spot.
The survivor had serious head and neck 
injuries.  No names or ages given.

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe.  Updated May 2005.
Also newspapers Trouw 11 July 2002, 
Veluwsch Dagblad 10 July 2002, and Veluws 
Dagblad, 11 July 2002 "Man dies after fall 
from windmill". 

http://www.traumahelikopter.nl/load.htm?Kra
nten/2002/juli.htm

152 Fire 8/4/2002 Katzenberg bei Meißen 
/ Sachsen

Saxony, Germany Vestas V66 SZ-online reports fire on a brand-new turbine 
still undergoing commissioning.  Total loss.
No thunder or lightning recorded.  The 
developers website records a light 
thunderstorm.  Turbine had zero operational 
hours.  Vestas investigated but no report was 
made public.  One of 5 x V66 fires in 
Germany during 2002

SZ-online 5/8/2002 and local information.
Also "Spectacular damage with MW plants"
Developer's website 

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.igwindkraft.at/aktuell/a_archiv2.ht
m

153 Human injury 8/5/2002 Heidenheim, Kreis 
Weißenburg-
Gunzenhausen

Bavaria, Germany 53 year old member of public severely 
injured during accompanied visit to 100m 
tower. Failed safety device.  He fell 10m the
ended up hanging by his legs with his ear to
off. Emergency surgery required to get the 
man removed from the tower. Public injury.

Nürnberger Nachrichten, 6/8/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

154 Lightning 8/6/2002 Limburg-Offheim im 
Kreis Limburg-
Weilburg/

Hessen, Germany DeWind 600kW Lighning strike hit turbine.  No obvious 
outward damage.  Shut down until sometime 
between 22 August and 19 October when 
repair was completed. Constructed July 2000

Eye witness report http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

155 Lightning 8/7/2002 Windpark Extertal im 
Landkreis Lippe

Westphalia, Germany Jacobs MD-77 Lightning strike led to complete loss of plant.
Constructed December 2001.  No further 
details

Developers web site http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.wind7.de

156 Fire 8/8/2002 Brokstedt, Schleswig-
Holstein

Germany Vesta V66 Lightning struck the tower and caused a fire.
Fire brigade unable to do anything due to the 
height - had to let it burn out.  Debris from 
burning blades dropping over local 
environment.  Turbines operational since 
December 1999.  One of 5 x V66 fires in 
Germany during 2002

“Lightning burns out nacelle” - Windpower 
Monthly October 2002.  Also Nordfriesland 
news sheet dated Friday 9 Aug 2002.  Also 
local radio.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.igwindkraft.at/aktuell/a_archiv2.ht
m

157 Fire 8/15/2002 Schleswig-Holstein Germany Vesta V66 Heavy thunderstorm and substantial lighning 
reported.  Total loss.  August 2002 (mid-poin
date assumed).  One of 5 x V66 fires in 
Germany during 2002

t
"Spectacular damage with MW plants"
Developer's website

http://www.igwindkraft.at/aktuell/a_archiv2.ht
m

158 Fire 9/1/2002 Denmark Elsam 2MW “Elsam 2MW fire”  Date is for magazine 
publication

Windpower Monthly September 2002

159 Structural failure 9/9/2002 Ulrichstein Helpershain Germany NEG Micon M1500 Rotor broke off completely at the hub. 
Weighing several tonnes and with a diameter 
of 44m, it fell from 50m height on to a local 
track. Six identical turbines shut down for 
safety checks.  Turbine in place since 1996.

Windpower Monthly October 2002.  Local TV
coverage (video and photos available) and 
various press releases

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

160 Fire 9/24/2002 Elm bei Schlüchtern im 
Main-Kinzig-Kreis

Hessen, Germany ENRON (ex Tacke) Transformer at the foot of the turbine went o
fire due to "technical defect"

Kinzigtal message of 25/9/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm
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161 Fire 10/1/2002 Holland Vestas “Fire in Vestas turbine prompts wind farm 
retrofit”.  Date is for magazine publication

Windpower Monthly October 2002

162 Fire 10/3/2002 Sillenstede-Grafschaft
bei Jever im Kreis 
Friesland

Lower Saxony, 
Germany

GET 600kW Fire brigade could not fight fire due to height, 
so left to burn out. Flaming debris ignited 
nearby hay.  Constructed 1995/96

Jever weekly newspaper 11/10/2002.
Photos available online

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://members.aol.com/hieronymusbosch2/g
rafschaft1.jpg

163 Fire 10/22/2002 Kell am See bei 
Hermeskeil im Kreis 
Trier-Saarburg / 
Rheinland-Pfalz

Germany Grogmann Police alerted by passing driver.  Fire brigad
could not fight fire due to height.  Left to burn 
out, but in the strong wind flying sparks and 
broken rotor parts were reaching the main 
road (distance unknown).  Main road closed 
for 11 hours.  Constructed 1988

Local radio broadcast 23/10/2002.  Also 
Trieri newspaper 24/10/2002

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

164 Blade failure 10/26/2002 Erkelenz-Holzweiler im 
Kreis Heinsberg

Westphalia, Germany NEG Micon Rotor blade bent and fell to ground. Nearby 
farm evacuated.  Constructed in 2000.

Aachener messenger newspaper 27/10/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

165 Blade failure 10/27/2002 Kaiserslautern Germany Storm damage to blade - blade broke off.  It 
was later admitted by operators that there 
was a known defect in the blade prior to 
storm but they had ignored it.

Rheinpfalz of 28/10/2002 and 30/10/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

166 Blade failure 10/27/2002 Loehme, Werneuchen Brandenburg, Germany Storm tore off two of three blades on a 
turbine at Loehme (Barnim).  Pieces hurled 
"far" but no distance data.

Berlin newspaper of 28/10/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

167 Blade failure 10/27/2002 Duelken, Viersen Westphalia, Germany NEG Micon Blade bent then broke in storm Rheini Post 28/10/2002 and CR Viersen 
29/10/2002

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

168 Structural failure 10/27/2002 Goldenstedt Ellenstedt Lower Saxony, 
Germany

GET 41a 600kW.
Hub height 70m, rotor 
diameter 41m

Turbine completely toppled in storm - 
concrete base pulled out of ground.
Operational since 1/1/1997.  Weights: rotor = 
10.3Te, hub = 26Te, tower 80Te. 

TV news NDR 27/10 and 28/10. Also 
Oldenburgi newspaper.  Extensive photos 
available.

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://members.aol.com/hieronymusbosch2/e
ilenstedtpresse.jpg

169 Blade failure 10/28/2002 Tauernwindpark
Oberzeiring, Steiermark

Austria Vesta V66 Turbine blades on turbine being installed 
damaged during storm.  Winds reported at 
130 km/hr. 

Developer's website http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.igwindkraft.at/aktuell/a_archiv2.ht
m

170 Structural failure 10/29/2002 Navöygavlen Norway Nordex Nacelle and rotor severed from the tower 
following problems with control system.
Operators appear to have over-riden the 
safety system on the turbine brakes

Nordex AG statement dated 5 Nov 2002.
Also Ventus Vigor wind energy portal online. 
Also “Accidents”, D Krämer, BLS, Dec. 2000

http://www.ventusvigor.com/modules.php?na
me=News&file=article&sid=121

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

171 Blade failure 11/4/2002 Tjaereborg, Esbjerg Denmark Vestas V80 2.0 MW All three blades damaged.  Turbine still being 
commissioned.  Wind speed only 5-8 m/s 
(Force 4)

Nordfriesland paper of 6.11.2002.  Ventus 
Vigor wind energy portal online. Also 
Windpower Monthly December 2002

http://www.ventusvigor.com/modules.php?na
me=News&file=print&sid=122

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

172 Lightning 11/5/2002 Laubuseschbach,
Limburg

Hessen, Germany Fuhrländer Lightning strike paralysed turbines and 
knocked out a rotor blade for brand new 
turbines not yet commissioned.  The site has 
a high lightning strike rate and the 
development was rushed through by the loc
authority

Weilburger daily newspaper 13/11/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

173 Transport 11/15/2002 Hersfeld/Huenfeld Hessen, Germany Not applicable 56 tonne turbine section fell off overnight 
from transporter on public road

Darmstaedter Echo 16/11/2002.  Also 
Weilburger Daily 16/11/2002

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://mitglied.lycos.de/WilfriedHeck/unfall2.h
tm

174 Transport 11/19/2002 Dahlenburg,
Lueneburger

Germany Not applicable Transporter sagged but fortunately did not 
fully tilt.  Main road to Dahlenburg 
Tosterglope closed until the following 
morning

Lueneburger newspaper of 20/11/2002 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

175 Structural failure 11/19/2002 Wachusett Wind Site, 
Princeton, MA

United States Anemometer Anemometer tower 130 feet high collapsed 
following an ice storm.  The tower had been 
installed in July 2000.  It was only 110 feet 
from a public trail.

Brief on the dangers of ice and structural 
failure at the proposed Wachusett reservatio
windfarm, presented to:
The Joint Committee on Bonding, Capital 
Expenditures and State Assets at a public 
hearing on Bill S.40,  Tuesday, July 5, 2005.
With photos.

http://www.princetonwindfarm.com/Wachuse
tt%20Mountain%20Wind%20Farm%20Dang
er%20Brief.pdf

176 Transport 12/3/2002 Oberlieck, Heinsberg Germany Not applicable "Turbine transport causes substantial 
damage".  Road, roundabout and housing 
badly damaged after turbine transporter slid 
on roundabout.  Road between Breberen an
Saeffelen closed for 3 hours.

Aachener messenger newspaper 4 Dec 2002http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

177 Ice throw 12/8/2002 Muensingen, ReutlingenWuerttemberg,
Germany

Ice throws observed and photographed up to 
130m from turbine on Dec 7th and 8th 2002. 
Pieces weighing up to 1.6kg

Private website with photographs and 
records

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://mitglied.lycos.de/WilfriedHeck/eiswurf7
.htm

178 Structural failure 12/18/2002 Schneeberg,
Kirchheimbolanden

Germany Vestas V80 2.0MW Complete collapse of tower during 
commissioning.  Turbine had been up for 2 
weeks. Put down to faulty welding

Press release by Vestas (see online).  Also 
Windpower Monthly January 2003.  Also 
Rheinpfalz 19.12.2002.  Photos

http://www.vestas.com/nyheder/presse/2002/
UK/pres20021220uk.html

http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

179 Blade failure - 
structural failure

12/28/2002 Nevian, Aude France 600kW, 75m total 
height

Blade torn off during storm followed by 
collapse of the turbine mast.  The turbine wa
being installed at the time. The second of 
several such French incidents which led to a 
formal investigation of wind turbine safety

"Rapport sur la sécurité des installations 
éoliennes",  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.

http://ventdubocage.net/accident.htm http://ventdubocage.net/accident10.htm

180 Miscellaneous 2003 Bouin en Vendée France 2MW Turbine bases found to have cracks and 
breaks. Constructed in 2002, operational 
from June 2003.

Internet http://ventdubocage.net/accident.htm

181 Environmental
damage

1/27/2003 Ober-Flörsheim bei 
Alzey im Kreis Alzey-
Worms / Rheinland-
Pfalz

Germany Turbine constructed in December 2002 and 
leaking oil into the surrounding land.
Attempts to capture the oil with granules 
failed.  Quantity of oil not known.  Local 
newspaper reported the leak which had bee
ongoing for over 1 month when discovered

Rhein-Mainer from 29.1.2003 + 
http://huegelland.tripod.com/

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

182 Component failure 2/1/2003 Canada Nordex 1.3MW "Gearbox failure damages turbine".  Date is 
of magazine publication

Windpower Monthly February 2003

183 Fire 2/2/2003 Geesthacht im Kreis 
Herzogtum Lauenburg / 
Schleswig-Holstein

Germany Enercon Total destruction of 40m tower and turbine b
fire.  Fire was un-noticed and the fire brigade 
were not called out.  Total loss.

TAZ Hamburg, 3.2.2003 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

184 Blade failure 2/25/2003 Salles-Limousis, Aude France 750kW Three blades broke off during storm - from 
three separate turbines.  Turbines were 
constructed in July 1998.  Following the 
incident, 7 out of the 10 turbines on this site 
were shut down and were eventually 
dismantled

"Rapport sur la sécurité des installations 
éoliennes",  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.  Also La Dépêche of 26 February 
2003

http://translate.google.com/translate?hl=en&s
l=fr&u=http://www.juracretes.ch/centre1.asp/
1-3-1301-145-83-1/0-0-884-147-70-
0/&prev=/search%3Fq%3DSall%25C3%25A
8les%2Bpales%2Bbris%25C3%25A9es%26
hl%3Den%26lr%3D%26sa%3DG

http://ventdubocage.net/accident.htm

185 Structural failure 3/1/2003 Wachusett Wind Site, 
Princeton, MA

United States Anemometer Anemometer tower 165 feet high collapsed.
The tower had been installed two months 
previously.  Date uncertaiun - simply says 
"March 2003"

Brief on the dangers of ice and structural 
failure at the proposed Wachusett reservatio
windfarm, presented to:
The Joint Committee on Bonding, Capital 
Expenditures and State Assets at a public 
hearing on Bill S.40,  Tuesday, July 5, 2005.
With photos.

http://www.princetonwindfarm.com/Wachuse
tt%20Mountain%20Wind%20Farm%20Dang
er%20Brief.pdf

186 Fatal - driver 
distraction - public 
fatality

3/7/2003 Erneuter Tödlicher 
Autounfall bei Erftstadt-
Erp

Westphalia, Germany Third of three public fatalities at the same 
location put down to driver distraction.  25 
year old driver of red Audi.  Accident spot is 
where turbines become visible to drivers - on 
circular road 33 (Kreisstraße 33)

Kölner Stadtanzeiger-Erftkreis from
8.3.2003

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

187 Structural failure 4/5/2003 Reinsberg im Kreis 
Freiberg / Sachsen 

Saxony, Germany Tacke 600a, 600kW, 
hub 70m, rotor 
diameter 46m

A spring storm totally destroyed a turbine.
Automatic shut down failed and it ran out of 
control prior to destruction.  Rotor blade 
points computed to reach speeds of 
800km/hr.  Blade pieces were found 500m 
away from the turbine.  Houses are situated 
400m from the turbine - luckily in the opposit
direction.  Surrounding roads were closed of
Year of construction 1999.  Oil also spilled 
into the surrounding ground (see separate 
entry)

MDR-Radionachrichten of 5.4.2002.  Also 
internet
http://www.freiepresse.de/TEXTE/NACHRIC
HTEN/REGIONAL/ERZGEBIRGE/FREIBER
G/TEXTE/590200.html and http://www.sz-
online.de/nachrichten/artikel.asp?id=468790
Also see detailed internet report with photos 
(second right)

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.gemeinde-
reinsberg.de/tipps/aktuell_2.htm

188 Environmental
damage

4/5/2003 Reinsberg im Kreis 
Freiberg / Sachsen 

Saxony, Germany Tacke 600a, 600kW, 
hub 70m, rotor 
diameter 46m

Turbine destroyed by storm spilled oil over a 
wide area.  This is in a protected area for 
drinking water supply. Possible prosecution 
threatened (no information on whether it was 
carried out)

MDR-Radionachrichten of 5.4.2002.  Also 
internet
http://www.freiepresse.de/TEXTE/NACHRIC
HTEN/REGIONAL/ERZGEBIRGE/FREIBER
G/TEXTE/590200.html and http://www.sz-
online.de/nachrichten/artikel.asp?id=468790
Also see detailed internet report with photos 
(second right)

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.gemeinde-
reinsberg.de/tipps/aktuell_2.htm

189 Fire 4/15/2003 Greußen im 
Kyffhäuserkreis / 
Thüringen

Germany RePower 1.5 MW The first of 2 fires at the same turbine within 
3 weeks.  This one was in the switchgear 
housing within the tower.  Year of 
construction 2003

Thüringer Allgemeine, 12.5.2003.  Photos. http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

190 Component failure 4/21/2003 Iven im Kreis 
Ostvorpommern / 
Mecklenburg-
Vorpommern

Germany Rotor exchange required due to mechanical 
problems

Nordkurier, 30.7.2003 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

191 Environmental
damage

5/4/2003 Dortmund-Eichlinghofe Westphalia, Germany General Electric 
1.5MW, 100m hub, 
77m rotor diameter

Oil leak into surrounding ground reported 
over several days

Homepage from 8.5.03 
http://www.eichlinghofen-
online.de/Aktuelles/aktuelles.html#Wind

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

192 Fire 5/11/2003 Greußen im 
Kyffhäuserkreis / 
Thüringen

Germany RePower 1.5 MW Lightning strike assumed - lound "bang" 
reported at 0500.  Fire brigade called out but 
could do nothing because of the height.  4m 
piece of blazing blade reported to fall off.
Year of construction 2003.  Earlier fire at 
same turbine on 15/4/2003

Thüringer Allgemeine, 12.5.2003.  Photos. http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://members.aol.com/hieronymusbosch2/
Greussen.htm

193 Blade failure 6/8/2003 Damme im Landkreis 
Vechta / Niedersachsen

Lower Saxony, 
Germany

Vestas V80 Lightning dame to turbine blades.  Blade 
parts scattered over approx 150m area from 
the turbine.  Blade pieces collected by 
operators who denied damage.  Turbine built 
in 2001

Eyewitness reports and local newspaper
Photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

194 Structural failure 6/15/2003 Colorado USA WTC The May 2002 accident caused an 
undetected crack in the turbine's rotorshaft 
and led to a second accident in June 2003. 
Date simply used as mid-point for the month

Info from developers own website http://www.windturbinecompany.com/milesto
nes/

195 Blade failure 7/14/2003 Köstorf im Kreis 
Lüneburg / 
Niedersachsen

Lower Saxony, 
Germany

Despite being fitted with lightning conductors
a lightning strike damaged turbine blades.
Blade tips were broken off.  Witnesses repor
a very loud "bang" when the lightning hit.

Lüneburger Zeitung, 15.7.2003 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

196 Blade damage 7/15/2003 Kirburg bei Bad 
Marienberg / Rheinland-
Pfalz

Germany Lightning strike to two turbines - damage to 
multiple blades on each.

Eyewitness reports and 65594 Runkel.
Photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

197 Environmental
damage

7/18/2003 Lemgo Kreis Lippe Westphalia, Germany DeWind Leak of 160 litres of hydraulic fluid into the 
surrounding ground.  It ran down the mast 
and also to the end of each blade and so wa
distributed over a wide area.  The area is a 
protected area used for drinking water 
supply.

Eyewitness, police and fire brigade reports http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

198 Construction 7/28/2003 Windpark
Fiebig/Ostfriesland

Germany 80 tonne, 25m crane fell over during turbine 
assembly

Ostfriesische Nachrichten 1.8.2003 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm
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199 Fire and explosion 8/15/2003 Schwochel bei 
Ahrensbök im Kreis 
Ostholstein / Schleswig-
Holstein

Germany Vestas V52  850kW Three mechanics were working on the 
turbine when they noticed a fire.  They 
escaped but had to undergo hospital 
treatment for fume inhalation.  An explosion 
followed which destroyed the turbine housin
This was later put down to brake failure (the 
turbine was spinning out of control).

Lübecker Nachrichten, 22.8.03.  Also see 
http://members.aol.com/hieronymusbosch2/L
uebeckerNachrichten2.GIF

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://members.aol.com/hieronymusbosch2/L
uebeckerNachrichten1.GIF

200 Blade failure 8/23/2003 Opitzhöhe nahe Groß-
Opitz bei Dresden / 
Sachsen

Saxony, Germany Lightning damage to blade tip.  Turbine 
safely shut down.  Blade eventually replaced

Sächsische Zeitung, 29.8.03 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

201 Fatal - explosion - fire 9/18/2003 Tres Vaqueros Wind 
Farm, Byron, Alamont 
Pass,  CA

United States Howden 330 kW, built 
in 1985

Marty Evans, 34.  At the time of the accident 
the employee was performing a manual 
switching operation on a pad-mounted 
electrical transformer. An explosion occurred 
during the switching operation. The employe
died the following day from injuries sustained 
in the explosion. The explosion ignited a fire 
at the base of the turbine, for which the 
California Department of Forestry (CDF) was
immediately notified.

Kittitas County, Desert Claim Wind Power 
Project, Final EIS, Chapter 3, page 3-165.
Also Wind Energy -- The Breath of Life or th
Kiss of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe 

http://www.co.kittitas.wa.us/cds/feis/FEIS/Ch
apter3/3.8Health.pdf

http://www.wind-
works.org/articles/BreathLife.html

202 Fatal 10/15/2003 Neuruppen Brandenburg, Germany Enercon E66 Un-named, 25-year old man, working on 
ladder rail, disconnected rail, fell 30m throug
platform, hit head on lower platform rail.

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe.  Also Prinzitger Zeitung 
newspaper 16/10/2003, message broadcast 
15/10/2003 and newspaper death notice 

http://www.wind-
works.org/articles/FallfromE66.html

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

203 Environmental
damage - property 
damage

10/16/2003 Derrybrian, County 
Galway

Ireland In October 2003, a major landslide involving 
more than a half million cubic metres of peat 
took place over a distance of two kilometres 
at Derrybrien, County Galway, damaging 
property and killing an estimated 50,000 fish. 
The landslide was caused by work on 
Ireland’s largest wind-farm project.  The EC 
are taking Ireland's government to the 
European Court of Justice over the incident, 
which the EC describes as an "environment
disaster" Ref EIHP 14-April 2005 - see 
http://www.eihp.hr/english/detaljnije.php?id=1
26

RTE News 17 Oct 2003.  See: 
http://www.rte.ie/news/2003/1017/landslide.ht
ml.  Also photos in North Atlantic news

http://www.monasette.com/archive/000252.h
tml

http://www.revolt.co.uk/new/rnews179.php

204 Blade failure 11/1/2003 Wachusett Wind Site, 
Princeton, MA

United States 120 foot tower All three blades disintegrated on existing win
tower generator.  An anchoring pin gave wa
allowing the tower to tilt forward until the 
rotating blades struck the tower. The blades 
disintegrated showering the area with debris 
some up to 5 feet long. Date uncertain - 
simply refers to "November 2003"

dBrief on the dangers of ice and structural 
failure at the proposed Wachusett reservatio
windfarm, presented to:
The Joint Committee on Bonding, Capital 
Expenditures and State Assets at a public 
hearing on Bill S.40,  Tuesday, July 5, 2005.
With photos.

http://www.princetonwindfarm.com/Wachuse
tt%20Mountain%20Wind%20Farm%20Dang
er%20Brief.pdf

205 Fire 11/8/2003 Sitzerath bei 
Nonnweiler im Kreis St. 
Wendel / Saarland 

Germany Turbine fire at 80m height.  Mechanical 
source quoted "probably the engine 
overheated" said police. Fire brigade could 
do nothing due to the height of the fire.
Surrounding districts closed off until the fire 
burned itself out.

Saarbrücker Zeitung, 10.11.03 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

206 Blade failure 11/15/2003 Salles-Limousis, Aude France 750kW Three turbines with broken blades, 48m high, 
43m diameter blades.  21.7m blade piece 
weighing 2 tonnes thrown.  Smaller pieces 
thrown as far as 100m from turbine.

Midi Libre, Saturday 15 Nov 2003 http://ventdubocage.net/accident9.htm

207 Blade failure 12/15/2003 Windpark Klein-
Wassens bei Jever,  im 
Kreis Friesland / 
Niedersachsen

Lower Saxony, 
Germany

Vestas V80 Damage to rotor blade by lightning.
Residents informed police.  Turbine safely 
shut down with blade remaining attached.

Anzeiger für Harlingerland  16.12.2003  (fron
page) and Jeversches Wochenblatt 
16.12.2003

thttp://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

208 Blade failure 12/16/2003 Windpark Grevenbroich 
bei Neuss 

Westphalia, Germany 37m long blade section bent in storm.
Turbine safely shut down.  Blade did not fall 
off.

Rheinische Post and the Westdeutsche 
Zeitung, 17.12.2003 

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

209 Blade failure / fire 12/23/2003 Zobes, Gemeinde 
Neuensalz im 
Vogtlandkreis / 
Sachsen

Saxony, Germany NED WIND  40m high Lightning strike destroyed a blade and 
started a fire which destroyed part of the 
turbine housing.  One blade badly bent, 
remained on the turbine.  A second blade fell 
off.  Constructed in 1994

"Freie Presse" and "Vogtlandanzeiger" from 
27 and 28.12.2003.  Photos.

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

210 Environmental 12/23/2003 Woolnorth Farm, 
Tasmania

Australia "Bird death sparks Hydro Tas monitoring".
An endangered wedge-tailed eagle was kille
last week after colliding with a wind turbine.
Site operators Hydro released a list of birds 
and bats killed since the turbines began 
operation in October 2002.  In 14 months, 20 
birds and 11 bats have died. The eagle killed 
last week was the only threatened species 
listed.

ABC News online, Tuesday Dec 23rd 2003 http://www.abc.net.au/news/newsitems/2003
12/s1015065.htm

211 Fire 12/26/2003 Bad Wünnenberg  bei 
Paderborn

Westphalia, Germany Enercon E66 1.8MW Fire started in the turbine housing and 
eventually two blazing blades fell off.
Burning debris reported to travel several 
hundred meters.  Fire brigade could do 
nothing because of the height. 

"Neue Westfälische", "Westfalenblatt" and 
other local media from 27 and 28.12.2003.
Photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

212 Blade failure 12/29/2003 Windpark Boulogne-sur-
Mer

France Lagerwey 750kw Blade parts weighing several tonnes fell onto 
an area used by local fishermen and walkers
"Pure luck" that no-one was injured.  Area 
closed off to public.  Boulogne prosecutors 
office undertaking investigation.  Another 
French incidents which led to a formal 
investigation of wind turbine safety

Local newspapers in Boulogne-sur-Mer and 
internet site "www.eoliennes.net"

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.eoliennes.net/article.php?sid=109
8

213 Fatal 2004 Sweden Vestas "In 2004, Vestas Northern Europe 
experienced a fatal accident in Sweden.  Th
cause of the incident has been investigated, 
and the investigation concluded that the wind 
turbine, the documentation of the working 
procedure and the training supplied were all 
in accordance with current demands. The 
accident occurred because safety regulation
had been disregarded."  Quote from Annual 
Report

Vestas 2004 Annual Report http://www.vestas.com/pdf/miljoe/anlaegsom
raader_uk/2004/48964%20VES%20Bla%20
Videbaek%20UK.pdf

214 Structural failure 1/1/2004 Portal, Boulogne-sur-
Mer

France Lagerwey 750kw 30m turbine collapsed during a storm.  Two 
blade first broke off (2 days earlier?), 
followed by collapse of the turbine mast. 
Total loss.  The third of several such French 
incidents which led to a formal investigation 
of wind turbine safety.  Local newspaper 
reports 80 tonnes fell to ground.

Windpower Monthly May 2004.  Also 
Dunkerque - Voix de Nord  2/2/2004.  Also 
"Rapport sur la sécurité des installations 
éoliennes",  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.

http://www.espace-
eolien.fr/lille/centrportel.htm

http://ventdubocage.net/accident3.htm

215 Blade failure 1/9/2004 Windpark Roderhöhe 
bei Eupen 

East Belgium Vestas V80 2MW Lightning strike led to exploding blade.  Also 
lightning damage reported to generator 

Grenz-Echo ("Border Echo" - German 
language Belgian newspaper), 27.1.2004

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

216 Blade failure 1/15/2004 Windpark Sas, 
Wilhelminadorp in der 
Provinz Zeeland 

Holland Three blades lost after lightning strike.  Akll 
three blades exploded due to the heat of the 
strike.

Zeeland Local Radio of 16/1/2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://wilfriedheck.tripod.com/

217 Blade failure 2/9/2004 Oederquart bei Stade / 
Niedersachsen

Lower Saxony, 
Germany

Vestas V66 2 tonne piece of blade broke off and travelle
66m.  Cause - pin breaking.  Identical 
accident to one of 15/3/2001

Stader Tageblatt, 10.2.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei_00_02.htm

http://www.tageblatt.de/db/main.cfm?DID=1
46283

218 Blade failure 2/9/2004 Groß Bieberau-
Hippelsbach im Kreis 
Darmstadt-Dieburg / 
Hessen

Germany Blades torn off during storm.  Small 5kW 
turbine only, initially constructed as a pilot 
project in 1995

Darmstädter Echo, 10.2.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

219 Blade failure 2/22/2004 Puschwitz bei Bautzen 
Sachsen

Saxony, Germany Vestas V80 10m section of blade broken off by the wind, 
travelled 20m.  A further 6m piece travelled 
40m.  Pieces confirmed to 200m from 
turbine.  Constructed in 2001. A similar 
(almost identical) incident took place at the 
same site on 5/4/2004.  Lightning damage in 
mid-February suspected to have weakened 
the blades.

Sächsische Zeitung, 24.2.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.sz-
online.de/nachrichten/artikel.asp?id=577567

220 Ice throw 2/26/2004 Lankern bei Dingden, 
nahe Hamminkeln Krei
Wesel

Westphalia, Germany Four out of five turbines closed down 
because of danger to people from thrown 
ice.  Up to 0.5m pieces reported but no 
distance data.  Residents informed police 
who insisted on shutdown.  Shutdown 
between 2 and 3 days 

Bocholt-Borkener Volksblatt, 28.2.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

221 Structural failure 3/20/2004 Loon Plage, Port de 
Dunkerque

France Lagerwey 300kw 30m high turbine collapsed during a storm on 
March 20.  The third incident since the 
turbines were built in 1997.  The turbines 
were later dismantled for safety reasons.
Previous incidents include turbine collapse o
January 1 and the breaking of a blade in 
February 2002 at Wormhout.  Following this 
incident, the French carried out a formal 
investigation of wind turbine safety, publishe
in July 2004

Windpower Monthly May 2004.  Also 
Dunkerque - Voix de Nord  20/3/2004 and 
21/3/2004.  Also Rapport sur la sécurité des 
installations éoliennes.  Conseil général des 
Mines, N° 04-5.  Ministere de l’economie 
des finances et de l’industrie, Republique 
Francaise, July 2004.

http://ventdubocage.net/accident5.htm http://www.espace-
eolien.fr/lille/VDN_dunk.htm#Edition%20du%
20Dimanche%2021%20Mars%202004

222 Blade failure 3/21/2004 Carolinensiel in 
Ostfriesland / 
Niedersachsen

Saxony, Germany Tacke TW-600 Rotor blade bent during storm.  Some pieces 
flew off.  No further data.

Jeversches Wochenblatt  22.03.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

223 Blade failure 4/5/2004 Puschwitz bei Bautzen 
Sachsen

Saxony, Germany Vestas V80 10m section of blade broken off by the wind. 
TV pictures showed blade part hanging from 
the rotor. Constructed in 2001.  Second such 
accident at the same site - previous one on 
22/2/2004

MDR-Fernsehbericht with pictures from Tag, 
6.4.2004

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

224 Blade failure 5/1/2004 Bassen bei Oyten im 
Kreis Verden /Aller / 
Niedersachsen

Lower Saxony, 
Germany

Vestas V66 Lightning strike destroyed the blades, close 
to motorway A1.

Verdener Allerzeitung, 28.5.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

225 Blade failure 5/18/2004 Dautenheim bei Alzey 
im Kreis Alzey-Worms / 
Rheinland-Pfalz

Germany 54m rotor Broken rotor reported.  Turbines constructed 
in 2000.

Main-Rheiner from 18.6.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

226 Fire 6/9/2004 Wulfshagen/Tüttendorf
im Kreis Rendsburg-
Eckernförde / 
Schleswig-Holstein

Germany NEC MICON 2MW Lightning strike caused the Tuttendorf turbine
fire, despite lightning "protection" fitted to 
turbine. At 64m high, the fire brigade could 
do nothing but seal the area and watch.
Federal highway 73 was closed for some 
time.  Photos clearly show burning debris 
being spread across the area.

 Spiegel Online, www.tagesschau.de and 
others

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm
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227 Mechanical failure 6/17/2004 Horns Rev offshore 
wind park

Denmark Vestas Report that all 80 offshore turbines at Horns 
Rev need to be taken ashore for repair due 
to transformer and generator failure.

Die Zeit from 17.6.2004 (supplement) http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

228 Blade failure 6/28/2004 St. Thegonnec, Pleyber-
Christ, Finistere, 
Brittany

France 300kW Turbine blade bent and damaged its mast.
First of two incidents in ten days.  Safety 
concerns.

Ouest France,  vendredi 9 juillet 2004.  Also: 
Rapport sur la sécurité des installations 
éoliennes.  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.

http://ade62.net/breve.php3?id_breve=9

229 Mechanical failure 6/30/2004 Windy Hill wind farm, 
Ravenshoe, Cairns, 
Queensland

Australia 600kW Enercon, 
installed 1999-2000

Windy Hill Wind Farm turbines were found to 
have a type fault related to its main carrier 
bearing. The plant supplier replaced
all affected parts and is working with Stanwe
on a long-term solution to this issue.  Date 
uncertain - sometime between July 2003 and 
June 2004

Stanwell Corporation 2004 Annual Report, 
July 2003-June 2004

http://www.stanwell.com/PDF/SCL_ANNUA
L_REPORT_2004.pdf

230 Blade failure 7/8/2004 St. Thegonnec, Pleyber-
Christ, Finistere, 
Brittany

France 300kW Three pieces of blade from one of the five 
turbines were found in a field.  Two pieces 
2.5m long, the third piece 1.5m long.
Second such incident in ten days.  Safety 
concerns.

Ouest France,  vendredi 9 juillet 2004.  Also: 
Rapport sur la sécurité des installations 
éoliennes.  Conseil général des Mines, N° 
04-5.  Ministere de l’economie des finances 
et de l’industrie, Republique Francaise, July 
2004.

http://ade62.net/breve.php3?id_breve=9

231 Fatal 7/16/2004 Wittmund in 
Ostfriesland / 
Niedersachsen

Lower Saxony, 
Germany

Enercon E66 34-year old Enercon service technician Alwin 
K. fell from the turbine to his death

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe.  Updated May 2005.
Also Death notice in Anzeiger für 
Harlingerland Wittmund and supplemental 
information

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

232 Human injury 7/28/2004 Windpark Schwirzheim 
nahe Büdesheim bei 
Prüm im Kreis Bitburg-
Prüm / Rheinland-Pfalz 

Germany Blade part fell from a crane, injuring a 42-
year old worker.  He was on a platform 12m 
up at the time - knocked down to a height of 
4m during the accident.  He had to be 
rescued by fire brigade, and later underwent 
emergency surgery at Trier. 

Polizeiinspektion Prüm and Trierischer 
Volksfreund from 29.7.2004 

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

233 Fire 8/9/2004 Isselburg im Kreis 
Borken

Westphalia, Germany Fire at 96m height in Isselburg.  Cause 
unknown.  Fire brigade could do nothing due 
to height.  Surrounding area closed off until 
fire burned out.  No injuries

Polizei Borken, Borkener Zeitung, 
Westdeutscher Rundfunk from 9.8.2004 and 
10.8.2004

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.wdr.de/themen/panorama/brand0
1/windkraftanlage/index.jhtml

234 Blade failure 8/31/2004 Zeebrugge Belgium The three tonne propeller blade became 
detached and was blown 100 metres throug
the air.  It landed not far from the nearby 
natural gas terminal.  Date is of newspaper 
article

Het Gazet van Antwerpen 31 August 2004.
Also Wind Farm Monthly, October 2004

http://www.expatica.com/source/site_article.a
sp?subchannel_id=48&story_id=11261

235 Blade failure 9/1/2004 Helmshagen bei 
Greifswald / 
Mecklenburg-
Vorpommern

Germany Vestas Blade thrown from turbine.  No further details Ostsee-Zeitung Greifswald from 3.9.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

236 Environmental 1/8/2004 to 
13/9/2004

Charleston, West 
Virginia

USA Various A study of wind farms in West Virginia and 
Pennsylvania estimates as many as 2,600 
bats were killed by the whirling blades during 
a six-week period during 2004.  Researchers 
estimate that between 13-hundred and nearl
two-thousand bats were actually killed in that 
period at the Mountaineer Wind Energy site 
in Tucker County. The study estimates 
another 400 to 600 were killed at the 
Meyersdale Wind Energy Center in 
Pennsylvania. The site has 20 wind towers. 
Between August First and September 13th, 
2004, researchers with the Bats and Wind 
Energy Cooperative found 765 dead bats on 
the ground at the Mountaineer site, which ha
44 wind towers. 

s

Eyewitness News, June 6 2005 http://www.wchstv.com/newsroom/wv/news1
1.shtml

237 Fatal 14/09/2004 Meyersdale, Somerset, 
PA

USA 1.6MW, probably 
Vestas

52 year old Dane Niels Otto Andersen 
Sjolander was killed after falling 60 feet to hi
death.  He had completed maintenance on 
the turbine and was being lowered to the 
ground when the turbine started turning and 
broke the arm of the crane.  He was knocke
out of the basket and fell to his death.  Date 
given is of Associated Press report (see 
"Phillyburbs" weblink)

Wind Energy -- The Breath of Life or the Kiss 
of Death: Contemporary Wind Mortality 
Rates, by Paul Gipe.  Updated May 2005.
Also Wind Power Monthly, October 2004.
Also Associated Press report 14/9/2004

http://www.phillyburbs.com/pb-dyn/news/103-
09142004-365282.html

238 Ice throw 11/14/2004 Carzig im  Kreis 
Märkisch Oderland / 
Brandenburg

Germany 30cm pieces of ice reported thrown 75m to 
nearby road.  No injuries.  Ice thrown at 
turbine start up following shut-down due to 
ice formation!

Märkische Oderzeitung, 17.11.04 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

239 Transport - public 
damage

11/25/2004 Niederkirchen bei St. 
Wendel / Saarland 

Germany 45m turbine section rammed a house, 
causing significant damage.  House had to 
be supported due to structural damage 
caused.  Road closed for considerable time.
Danish truck and driver.

Saarbrücker Zeitung-Ausgabe St. Wendeler 
Zeitung from 26.11.2004 

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://members.aol.com/hieronymusbosch2/
Niederkirchen_bericht.jpg

240 Fire 12/7/2004 Schaller, near Storm 
Lake, IA

United States MidAmerican Energy Firemen climb 213 feet tower to rescue two 
electrical workers following a fire.  Fire 
started following refit and testing of 
components

"Firemen climb 213-ft Tower In Rescue", De
7 2004, Zwire news

http://www.zwire.com/site/news.cfm?
newsid=13505645&BRD=1304&PAG=
461&dept_id=180485&rfi=6

241 Ice throw 12/12/2004 Rhede,  Kreis Borken Westphalia, Germany 30cm long and several cm thick pieces of ice 
reported thrown onto road and cycle tracks 
during weekend. Turbine shut down. Police 
report is available.  No injuries

Borkener Zeitung, 14.12.2004.  Also police 
report

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

242 Ice throw 12/12/2004 Lankern bei Dingden, 
nahe Hamminkeln Krei
Wesel

Westphalia, Germany All five turbines on site reported to throw ice 
despite being fitted with ice sensors.  Up to 
50 pieces of ice found by reporter, to 100m 
from turbines and across the B473 road.
Some sharp pieces of ice reported "rammed 
into the ground".  What would it have done to 
a person?

Rheinische Post Wesel, 13.12.2004. Photos http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

243 Transport 12/18/2004 BAB A 5 bei Alsfeld,
Vogelsbergkreis / 
Hessen

Germany Turbine section fell of transporter and 
blocked motorway A5 for 14 hours in both 
driving directions.  Accident put down to 
excessive speed.  No-one hurt

Bild am Sonntag 19.12.2004, Frankfurter 
Neue Presse from 20.12.04 u.a. Zeitungen

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

244 Blade failure 12/22/2004 Windparks
Montjoyer/Rochefort-en
Valdaine

France Three blades lost from turbine only 15 days 
after startup.  Following maintenance, the 
turbine gave out more noise than normal and 
this got worse over several days.  A fire then 
started.  A blade came off approx 1 hour 
after that, then the second and third blades 
fell off.  Police and fire brigade were called.
No-one hurt.  A brake fault has been 
acknowledged - turbine was turning at 50rp
(2 times normal speed).

La Tribune Montelimar 30 Dec 2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://ventdubocage.net/accident2.htm

245 Mechanical failure 12/30/2004 Pattensen bei Hannove
/ Niedersachsen 

Lower Saxony, 
Germany

AT Bonus 1300 Rotor cap reported to fall off the turbine onto 
the surrounding ground sometime between 
30 and 31 December

Allgemeinen Zeitung from 31.12.2004 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

246 Environmental
damage

1/17/2005 Schluechtern Hohenzell 
in the Main Kinzig 
circle/Hessen

Germany 3 x WindWorld 
600kW

Loss of hydraulic fluid into surrounding 
ground.  Serious concerns over 
environmental pollution from all three turbine
- which have been in place since 1998.  Loc
environmental regulator considering 
prosecution. (Outcome not known)

s

Detailed local reports and photos from 
adjoining owners

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

247 Blade failure 1/20/2005 Udby, north of 
Vordingborg

Denmark 100 foot turbine Turbine running out of control (braking failur
– the three 30m blades broke off with pieces 
thrown over a large area.  Residents 
evacuated from homes. Luckily no injuries or 
property damage.

Danish TV article - online report.  Also 
second TV report online

http://www.tv2regionerne.dk/Default.asp?r=3
&Id=225094

http://ventdubocage.net/accident6.htm

248 Ice throw 1/30/2005 Bölling bei Dahl, 
Stadtgebiet
Hagen/Westf. im Kreis 
Hagen,

Westphalia, Germany Three members of the public heard four 
"bangs" from the Bölling turbines while 
walking near them.  They also observed 
snow thrown up near them.  Thinking gun 
shots, they informed the police.  It was 
discovered to be ice thrown from the 
turbines.  They were shut down.

Westfalenpost from 1 Feb 2005 and 
Hagener Stadtanzeiger from 2 Feb 2005.

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

249 Ice throw 2/1/2005 Schlüchtern-Hohenzell
im Main-Kinzig-Kreis / 
Hessen

Germany WindWorld 600kW Ice throw on January 31st and February 1st. 
Pieces approx 1.5m x 0.45m thrown 140m.
Landed on local road.  Traffic now banned 
which means large detours and loss of 
amenity.

Report from city administration and report 
plus photos from neighbours

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

250 Mechanical failure 2/1/2005 Dorsten-Lembeck by 
Marl, Westfalia

Germany GE 1.5 MW Rotor damage and replacement after only 14
months of operation.

Detailed private report and photos. http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

251 Human injury 2/2/2005 Voigtstedt / Thüringen Germany 30-year old mechanic from Helbra injured 
doing repair work.  Injury crushed his foot, he 
then fell off the turbine top.  His life was 
saved by a safety harness.  Arterner fire 
brigade eventually retrieved him.

Thüringer Allgemeine from 3.2.2005 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

252 Mechanical failure 2/2/2005 Dorsten-Lembeck bei 
Marl

Westphalia, Germany GE 1.5 MW Complete rotor replacement following 
problems with Actuators. Turbine only 14 
months old

Detailed operator reports plus reports and 
photos from neighbours

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

253 Blade failure 2/24/2005 Kamaishi, Iwate Japan Nagasaki Shipyard 
made, 68m tower, 
29.5m blade

Turbine blades on three separate turbines 
snapped off in gale.  Winds reached 
31.7m/s, turbines and blades rated to 60m/s.

Mainichi Interactive – Top News, Feb 25 
2005.  Photo.

http://mdn.mainichi.co.jp/news/archive/20050
2/25/20050225p2a00m0dm002000c.html

254 Fire 2/26/2005 Friedrich-Wilhelm-
Lübkekoog - Kreis 
Nordfriesland/Schleswi
Holstein

Germany Enercon E66 Major fire with total loss.  Pieces of burning 
blades scattered over wide area.  Fire 
brigade told local residents to stay indoors 
and close windiows due to poisonous fumes. 
Fire brigade unable to fight fire due to height, 
so was allowed to burn out.  Mechanics had 
been working on the turbine before the fire 
started.

Husumer Nachrichten + Nordwest-Zeitung 
from 28.2.2005 + Nordclick 

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.nordclick.de/news/archiv/?id=159
7717&dbci=2&search=Lübkekoog

255 Blade failure 3/10/2005 Gebbies Pass, Banks 
Peninsula, near 
Christchurch

New Zealand Windflow
Technologies
prototype

Gearbox and main rotor assembly ripped 
from mountings during a storm.  Total loss.
Developers "thankful; none of our staff were 
injured".  This is a test turbine for a proposed 
104 turbine development.  Two blades were 
first torn off - the rest followed.

Manawatu Standard, 11/3/2005 and New 
Zealand Herald, 12/3/2005

http://www.nzherald.co.nz/index.cfm?ObjectI
D=10114869

http://www.nzherald.co.nz/index.cfm?ObjectI
D=10118931

256 Blade failure 4/7/2005 Crystal Rig, 
Berwickshire

Scotland Nordex tower, 40m 
blade, 2.5MW

40m blade shattered – parts thrown 
hundreds of meters.  Turbines only 
operational since August 2004.

BBC news online 14/4/05.  Plus "The 
Berwickshire News" 14 April 2005.  Photos 
on both.

http://www.berwickshiretoday.co.uk/ViewArti
cle2.aspx?sectionid=972&articleid=997456

http://news.bbc.co.uk/1/hi/scotland/4446223.
stm
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257 Structural failure 5/6/2005 Weatherford,
Oaklahoma

United States GE Wind 1.5 MW A 300-foot turbine snapped in half and 
collapsed at a wind farm in Weatherford on 
Friday. Video coverage reports very light 
winds at the time.  There are 71 x 1.5MW 
turbines and was only declared operational 
on April 30 2005 - 6 days before the tower 
collapse.

Channel Oaklahoma News, 6 May 2005.
With video.

http://www.channeloklahoma.com/news/445
9503/detail.html

http://www.kotv.com/main/home/stories.asp?
whichpage=1&id=82744

258 Fatal 5/7/2005 Marsberg-
Erlingshausen - 
Hochsauerlandkreis

Westphalia, Germany 35 year-old male mechanic killed while fixing 
rotor transmission.  He and a fellow worker 
secured the rotor and began working on it 
when the rotor turned.  He was fatally injured 
and his colleague also injured.  The 
Dortmund fire brigade rescue helicopter was 
used as they were at 65m height.  The man 
killed was from Paderborn.

Westfalenpost from 9.5.2005 http://www.rp-
online.de/public/article/nachrichten/journal/ka
tastrophe/deutschland/nrw/88675

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

259 Fire 5/14/2005 Sörup bei Schleswig - 
Kreis Schleswig-
Flensburg/Schleswig-
Holstein

Germany Fire-brigade unable to fight fire at wind 
turbine on Saturday evening - due to the 
height of the fire. The fire was allowed to 
burn out. The surrounding areas was sealed 
off to allow burning debris to fall to the 
ground. The cause of fire as well as the 
extent of the damage are still unknown.

NDR-Online from 15.5.2005 http://www1.ndr.de/ndr_pages_newsdetail/0,
2984,NID20050515122053_NTBNDR_SPM
870,00.html

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

260 Fire 5/16/2005 Wulfshagen/Tüttendorf
im Kreis Rendsburg-
Eckernförde / 
Schleswig-Holstein

Germany NEC - Micon 2MW A burning wind turbine caused two million 
Euro damage on Monday afternoon in 
Wulfshagen. The cause is not known. 
Nobody was hurt. The fire brigade could do 
nothing due to the height of the tower - they 
sealed the area off to allow burning debris to 
fall while the fire burned out. A lightning strik
at the same site caused a similar fire last 
year (9.6.2004).  Photos are available of bot
incidents

Kieler Nachrichten from 17.5.2005 http://www.kn-
online.de/news/archiv/?id=1643325

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

261 Fatal 5/19/2005 Crosby County, Texas United States Anemometer Local newspaper reports death of crop 
dusting pilot who flew into an anemometer 
for a wind farm development.  The 400 foot 
structure had only been recently installed (4 
weeks old), and was not fitted with any 
warning devices.  The plane hit a guy rope 
which sheard off a piece iof the wing.  The 
pilot, 55 year old Bill Wade Tidewll, was 
pronounced dead at the scene.  FAA is 
investigating.

Lubbock Avalanche-Journal, 20 May 2005
Also mentioned in the July/August 
"Agricultural Aviation" magazine

http://www.lubbockonline.com/stories/05200
5/reg_052005054.shtml

http://www.agaviation.org/towerreport.htm

262 Blade failure 5/23/2005 Herzfelde im Kreis 
Märkisch-Oderland/
Brandenburg

Germany Vestas Article in Nordkurier showing Vestas workers 
at Maerkisch Oderland on a lifting platform at 
70m height repairing small tears in rotor 
blades. The article says "They eliminate sma
tears in the rotor blades formed by weather 
effects"  However - these tears are usually 
formed by production defects.

Nordkurier, 24.5.2005 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

263 Environmental 6/2/2005 Beinhausen bei Kelburg
im Kreis Daun, 
Rheinland-Pfalz

Germany DeWind Significant contamination of the site and 
surrounding ground from leaking oil.
Transmission oil leak down the tower and 
also out across the blades - thrown over a 
wide area.  Leak reported to be 160m from 
the tower - without taking the scattered oil 
from the blades into account.

Eifelzeitung Daun from 1 July 2005, with 
photos

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

264 Blade failure 6/4/2005 Eggstedt im Kreis 
Dithmarschen / 
Schleswig-Holstein

Germany Jacobs 43/600kW Turbine blade was broken off during a storm 
at Eggstedt.  Further report will follow. One 
turbine only in place - operational since April 
1998

Sylter Rundschau from 6.6.2005 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

265 Environmental 6/6/2005 Scroby Sands, Norfolk UK Staff at the wildlife hospital at Winterton, 
Norfolk, say hundreds of seals on Scroby 
Sands off Great Yarmouth have been so 
disturbed by the 300-foot turbines there that 
is affecting their breeding. Many pups are 
born dead or abandoned by frightened 
mums. Jaime Allison, a biologist at the 
hospital, said: "A definite pattern is emerging
It's hard not to conclude the wind farm is 
responsible."

i

Daily Mirror, 6 June 2005 http://www.mirror.co.uk/news/tm_objectid=1
5595416&method=full&siteid=94762&headlin
e=windfarm-seal-alert-name_page.html

266 Structural failure 6/20/2005 Saskatchewan Canada "Twister wrecks wind power equipment".
Cranes and turbine blades damaged by 
storm at a site in Saskatchewan.  The site is 
under construction and no turbines are yet 
erected.  The Saskpower project is located 
about 25km south of Swift Current.  A 350-
tonne, 300 foot crane was toppled.  The site 
was closed at the time of the storm - so no-
one was hurt.

CBC Saskatchewan report, 20 June 2005.
With photos and realplayer video

http://sask.cbc.ca/regional/servlet/View?filen
ame=wind-power050620

267 Lightning 6/30/2005 Cathedral Rocks Wind 
Farm, Port Lincoln, 
South Australia

Australia 60m towers Lightning destroyed a blade on tower 6 in 
June 2005.  Turbines still undergoing 
construction/commissioning.  Construction 
started in February 2005 - a 33 turbine 
development.  Date in June uncertain.

Port Lincoln Times, 23 August 2005 http://portlincoln.yourguide.com.au/detail.asp
?class=news&subclass=local&category=gen
eral%20news&story_id=418188&y=2005&m
=8

268 Blade failure 7/29/2005 Windy Hill wind farm, 
Ravenshoe, Cairns, 
Queensland

Australia 600kW Enercon, 
installed 1999-2000

"Wind power a lot of hot air".  This week 
another problem came to light when Stanwel
Corporation's Windy Hill wind farm had a 
nasty accident.  Fortunately, no-one was 
injured when a massive 22m turbine blade o
one of the 20 huge wind turbines 
spectacularly sheared off.  But it must have 
been extraordinary to see a glass fibre 
reinforced epoxy blade perched 44m above 
the ground go for an excursion. Stanwel

l
Herald Sun, 29 July 2005 http://heraldsun.news.com.au/

269 Transport 10/18/2005 A' Chleit, Kintyre Scotland, UK Vestas A serious accident was avoided last week 
when a section of wind turbine at least 50 
feet long rolled off a lorry that was heading 
north on the A83 near A' Chleit on Kintyre's 
west coast. The incident happened as the 
driver in a convoy of two lorries under escort 
swerved to avoid an oncoming vehicle. Anti 
wind power campaigners say the incident is 
the worst in a series of mishaps involving 
lorries in the area and has highlighted local 
concerns about the transportation of huge 
sections of wind turbine from the Vestas 
factory in Campbeltown along Argyll's narro
roads.

Rural Community Gateway.  Reported on 
Oct 18th - incident happened the previous 
week (actual date unknown).

http://www.ruralgateway.org.uk/cgi-
bin/item.cgi?id=1069

270 Environmental 11/1/2005 Near Aberystwyth Wales, UK Wind Turbine Kills Red Kite.  Injured bird had 
been observed in the morning and handed in 
to vet in afternoon.  Collision with turbine 
confirmed by vet.

The Welsh Red Kite Trust website http://www.gigrin.co.uk/w/wind_turbine_kills_
kite.html

271 Transport 11/5/2005 Wells Fargo, ND United States Xcel
A truck hauling a wind-turbine platform struc
a power pole here, leaving 3,700 residents 
without electricity, most of them for about tw
hours. The accident happened after 7 a.m. 
Saturday Nov 5th at the intersection of Main 
Avenue and Ninth Street East, knocking out 
traffic signals at several intersections.
Electrical lines were down on Main Avenue 
and Ninth Street, until a repair crew for Xcel 
Energy arrived, he said. No injuries were 
reported. The truck, from DMI Industries of 
West Fargo, was carrying a wind-turbine 
tower that protruded from the trailer, striking 
the utility pole as the truck turned west onto 
Main Avenue.

Grand Forks Herald, ND, November 7th 
2005

272 Fatal 11/11/2005 East Ridge Wind Farm, 
Chandler, Minnesota

United States Suzlon "Man Dies In Wind Tower Fire". Slayton, 
Minn. A South Dakota man died and two 
people were injured Friday in a wind tower 
fire in southwestern Minnesota. The Murray 
County sheriff's office received a call just 
before 10 a.m. reporting the fire at a wind 
tower east of Chandler, Minn., and that one 
person had fallen. Benjamin James Thovson
26, of Sioux Falls, S.D., died at the scene. 
He fell about 210 feet, Deputy Randy 
Donahue said. The other two were able to 
climb down and escape, but were taken to a 
local hospital. When help arrived, Donahue 
said, "the wind generator was engulfed in 
flames." The tower is owned by Dean 
DeGreeff, of Chandler, who is part of an 
eight-person private ownership group called 
East Ridge Wind Farm The three people on

WCCO-TV - Minnesota's Breaking News, 11 
November, 2005

http://wcco.com/local/local_story_315152455
.html

273 Transport 11/29/2005 A941 Elgin-Rothes road
at Drumbain, less than 
a mile from Rothes, 
Moray

Scotland, UK Olsen Renewables A huge lorry carrying a section of turbine for 
a Moray windfarm shed its load in 
spectacular style. The metal section - around 
100ft long and 15ft in diameter - fell from the 
lorry and rolled down an embankment and 
200 yards into a field after the vehicle 
mounted the verge on the A941 Elgin-Rothe
road at Drumbain, less than a mile from 
Rothes. The lorry toppled on to its side on th
roadway, with part of the articulated bogie 
coming to rest upside down, 20ft down the 
embankment. The Danish lorry, which was 
accompanied by escort vehicles at the front 
and rear, was on its way to the site of a 
windfarm which is under development on 
Paul's Hill at Ballindalloch. The driver of the 
lorry, a Dane, escaped unhurt.

"Lorry Sheds 50-Tonne Load After Accident",
Press and Journal, 30 November 2005.
Photo.
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274 Fire 12/16/2005 Simonsberg bei Husum 
im Kreis Norfreisland, 
Schleswig-Holstein

Germany Enercon, 40m hub Turbine housing fire, 40m above ground.
Completely burned out.  20m fell off.
Reported to "rain blade pieces".  Nine fire 
crews in attendance, but could do nothing at 
the height.  Damage estimated at 0.5M euro

Sylter Rundschau from 17 December 2005.
Also local news on line -see www.kn-
online.de link (right).

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.kn-
online.de/news/archiv/?id=1768278

275 Structural failure 12/16/2005 Delmenhorst nahe 
Bremen, Niedersachen

Germany Small private turbine, 
15m high

Private turbine 15m high completely
destroyed in storm.  The turbine fell into the 
owner's garden.  Rotor blades were torn off 
and "flew through the air". Parts pierced a 
garage droof and destroyed a car within. 
Another rotor blade ended in a neighbours 
garden. The turbine had been in place for 20 
years.

Nonstop news von Borgmeier media from 16 
December 2005 (see online link right), with 
photo

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.nonstopnews.borgmeier-
media.de/meldung.php?ID=3079&JG=0

276 Blade failure 12/16/2005 Sefferweich im Kreis 
Bitburg-Oprum,
Rheinland-Pfalz

Germany NORDEX N90 or N80 One of three blades broke off turbine 
following a minor storm.  Blade travelled 
several meters only and landed close to the 
tower.  Other turbines on site were shut 
down.

Trierischer Volksfreund from 19 December 
2005

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

277 Component failure 12/16/2005 Gagzow bei Neuburg 
im Kreis 
Nordwestmecklenburg

Germany Transformer exploded. Ostsee-Zeitung online from 16 December 
2005 (see online link right).

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://www.ostsee-
zeitung.de/archiv.phtml?Param=DB-
Artikel&ID=2106928&Stichwort=Windkraft&
Pre=DB-Artikel&Typ=Artikel&Card=0

278 Ice throw 12/17/2005 Lankern bei Dingen, 
nahe Hamminkeln Krei
Wesel, Westfalia

Germany Ice throw reported from each of the fuive 
turbines in the community windfarm Loikum 
at Lankern.  This has happened each year of 
operation.

Rheinische Post Wesel plus local 
administration and statements from adjoining 
owners.  Photos online (see link right).
Photographed piece 38cm in length.  Pieces 
reported to be thrown over 80m.

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

http://mitglied.lycos.de/nature2000/Eiswurf.ht
m

279 Human injury (not 
fatal)

12/22/2005 Woolnorth Windfarm, 
Tasmania

Australia Two workers reported to be in hospital -
injured but stable - following an accident at 
the Woolnorth Wind Farm, Tasmania, on 
Thursday Dec 22nd.  Reported on Dec 24th. 
No circumstances of accident or details 
provided, other than that the two men were 
working on a wind monitoring tower when th
accident happened.

ABC News online 24 December 2005 http://www.abc.net.au/news/newsite
ms/200512/s1537653.htm

280 Fire 12/23/2005 Nissan Car Factory, 
Sunderland

Tyne and Wear, 
England, UK

Six x Vestas
Turbine fire adjacent to A19 and A1231 
roads.  55m high turbine caught fire after 
work to investigate an oil leak.  Both A19 an
A1231 roads closed.  Fears that the turbine 
would fall onto the road however luckily it fell 
into a nearby field.  Locals reported to be 
"terrified" (27/12/05 report).  All three blades 
burned and fell off. Fire reported in the 
national press with photos and video. Seven 
fire engines were in attendance.  Operators 
Nissan quoted as saying "as far as we're 
aware nothing like this has happened 
before" .  Construction started in September 
2005 using second-hand Vestas turbines.

National ITV and BBC television and radio 
news.  Also Sunderland Echo 24/12/05 and 
27/12/2005

http://news.bbc.co.uk/1/hi/england/w
ear/4556640.stm

http://www.sunderlandtoday.co.uk/ViewArticl
e2.aspx?SectionID=1107&ArticleID=129576
9

281 Fire 12/29/2005 Oldside, near 
Workington, Cumbria

England, UK VESTAS V42, 
600kW, 40m tower, 
42m blade diameter

Safety experts were called in to assess 
damage to a wind turbine which caught fire 
this morning. The giant structure at Oldside, 
on the Workington coast, had to be deemed 
safe by construction specialists.  The fire 
spread from a nearby car, a Ford Fiesta, 
which had been burnt out. It affected the 
base of the turbine.  Owned and run by E.On.

News and Star, 29 December 2005.  Also 
Western Morning News, 7 January 2006

http://www.newsandstar.co.uk/news/viewarti
cle.aspx?id=316168

282 Ice throw 1/8/2006 Filsumer Wind Park, 
Filsum bei Leer im Krei
Leer

Lower Saxony, 
Germany

Enercon E66/18.70, 
hub height 65 m 

Ice thrown by turbines reported, pieces 20c
thick travelling across and beyond walkways. 
This was observed by someone who 
regularly walks in the area. Constructed 
2002.

Newspaper: Ostfriesen Zeitung in Leer, 
10.1.2006

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

283 Fatal 1/10/2006 Bording and Karup Denmark NM52-900kW Service engineer Brian Østrup Nielsen, 34, 
was killed during routine maintenance.  The 
service technicians found that the internal 
crane used for lifting tools etc. was defective. 
The technicians chose to use the coupling 
between the gearbox and the generator as 
lifting device by fixing a rope to the coupling.
The result was that Nielsen was killed on the 
spot.

Source: Danish Regional News websites and 
Paul Gipe's wind energy fatalities database

http://www.dr.dk/Regioner/Aarhus/Nyheder/K
rimi/2006/01/11/111158.htm

http://www.wind-
works.org/articles/BreathLife.html

284 Blade failure 1/13/2006 Cold Northcott, 
Cornwall

England, UK WEG MS-3 300kw "BIG CHUNK OF TURBINE BLADE 
SHEARS OFF".   Part of a wind turbine 
blade weighing more than half a ton snapped 
off and crashed into a field during high winds
A chunk of the 18 metre long blade sheared 
off at the Cold Northcott windfarm on Bodmi
Moor at about 9am yesterday.  The 21 
turbine development straddles a main road - 
luckily no-one was injured.  Blade parts foun
over 100m away.

Western Morning News, 14 January 2006.
Photos also available.

285 Blade failure 1/14/2006 Wolverine Creek wind 
farm, Idaho Falls

Idaho, US "TWO TURBINE BLADES SNAP AT WIND 
FARM"  Blades on two turbines at the 
Wolverine Creek wind farm have snapped, 
forcing crews to shut them down for repairs. 
The farm just went into operation a month 
ago. 122 foot blades.  Run by Invenergy

Associated Press, 14 January 2006, 1814 
local time.  Also Local News 8, ABC (see 
hyperlink), Jan 15th

http://www.localnews8.com/home/2204517.h
tml

286 Fire 1/22/2006 Lake Bonney wind 
farm, Tantanoola

South East Australia Vestas $3 million fire at the Lake Bonney wind farm. 
"Yesterday afternoon's blaze began in a 
turbine located near Tantanoola. While the 
flames were initially contained at the top of 
the structure, falling debris caused the fire to 
spread to the grass below."  A subsequent 
investigation, Feb 12th "Wind farm fire 
caused blackout", reported that the fire was 
too high to fight (67m) despite 6 fire trucks in 
attendance.  A lack of wind combined with a 
very hot spell resulted in power cuts to 6300
homes just when they needed it for their air 
conditioning.  "The Border Match" reports 
that 80,000 hectares of the National Park 
were destroyed.

ABC website, plus the 4 pm news on 891 
radio, with the addition of an short interview 
with spokesperson from Babcock & Brown.
Follow up reported Feb 12 on 
http://theadvertiser.com.au.     Also "The 
Border Match" Tues Jan 24 2006. 

http://www.abc.net.au/news/items/200601/15
53257.htm?southeastsa

http://ventdubocage.net/accident17.htm

287 Fatal 1/23/2006 Port Burwell Ontario, Canada Construction accident Accident during transport/construction.
Michael Hipson, 42, a crane operator, was 
drowned near Port Burwell when a road 
collapsed and the crane he was driving rolled 
into a ditch.  Ontario's Labour Ministry has 
confirmed.

Local Union newspaper 703Operator, Issue 
119, March 2006.  Also Paul Gipe's wind 
turbine fatalities database.

http://www.iuoelocal793.org/Downloads/Mar
ch2006Op.pdf

http://www.wind-
works.org/articles/BreathLife.html

288 Fire 1/24/2006 Grömitz im Kreis 
Ostholstein, Schleswig-
Holstein

Germany Turbine caught fire and burned to the ground 
on Tuesday Jan 24. The turbine house of the 
65 meters of high plant burned completely, 
and a rotor blade fell down. The fire-brigade 
had no choice but to let the turbine burn 
down (according to police data). The police 
estimate the damage to property is approx. 
two million euro. The cause of fire is 
unknown.

Lübeck Police Headquarters and Lübecker 
Nachrichten from 24.1.2006.  The URL 
reference has photos. 

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

289 Blade failure 2/17/2006 Searsburg, Bennington, 
Vermont

US 11 x 550kW turbines Half of one 63-foot blade lost during a storm. 
No comment on how far blade pieces 
travelled.  Operational since 1997. A 
spokesperson for Green Mountain energy 
confirmed that "since 1997 lightning has 
destroyed at least one other blade".  We 
know that 9 other blades have been replace
due to lightning damage - 8 during May 1998 
and one damaged in January 2000.

"Turbine blade flies off the handle", 
Bennington Banner, Tuesday, Feb 21st 2006

http://www.benningtonbanner.com/localnews
/ci_3530796

290 Human injury 2/18/2006 Buchbrunn, Würzburg, 
Bavaria

Germany 107 m height A technician was badly injured on Feb 18th in 
an accident at the top of a turbine tower. 
Cause unknown.  He had to be attended to i
the tower then lowered 107m to the ground 
by the local Fire Brigade.  The emergency 
services call was made at 1900.  The rescue 
took over 2.5 hours.  It was after 2100 when 
the injured man eventually reached the 
ground.  He was then hospitalised.

“Mainpost Kitzingen” dated 20.2.2006 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

291 Blade failure 6/24/2006 Lake Benton, 
Minnesota

United States High winds caused the blade of a wind 
turbine to snap west of Lake Benton, Minn. 

Rapid City Journal, dated weds June 26th 
2006

http://www.rapidcityjournal.com/articles/2006
/06/26/news/state/state04.tx

292 Fatal 6/1/2006 Palm Springs, CA United States Operator/technician was found hanging 
inside the wind tower sometime during 2006 
before April 17th 2006 (Gipe database date). 
Apparent suicide.  No further details.

Paul Gipe's wind industry deaths database http://www.wind-
works.org/articles/BreathLife.html

293 Blade failure 7/2/2006 Oldside, near 
Workington, Cumbria

UK THE blade of a wind turbine disintegrated 
and fell 200ft after being struck by lightning 
near Workington.  Police cordoned off the 
area after the incident amid fears that more 
debris could fall from the turbine at Oldside.
A member of the public, who witnessed the 
spectacular lightning strike earlier this month, 
alerted police.  Sgt Peter Garforth said: “The 
blade was made of fibre glass. If anyone had 
been underneath it, they could have been 
sliced into pieces.  “There were some bits 
that fell off that were a couple of feet across. 
We put a cordon around to make sure no 
one walked under the turbine.”  The windfar
is on an isolated piece of ground often used 
by dog walkers during the day. The 21-metre 
long blade was struck at around 11pm on 
July 2.

Evening News & Star, 27 July 2006
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294 Environmental 8/1/2006 Woolnorth Farm, 
Tasmania

Australia "Eagle put down after wind farm accident".
A wedge-tailed eagle was put down after 
colliding with a wind turbine.  Confirmed by 
the turbine owners "Roaring 40s", who also 
confirmed that this was the third endangered 
eagle this year to be killed by one of their 
turbines.

ABC News online, Tuesday Aug 15th 2006

295 Human injury 8/25/2006 Beatrice Oil Field, 
Highlands, Scotland

UK 5MW prototype "Windfarm project worker loses leg after 
accident". A British man in his 40's has had 
his leg amputated after suffering serious leg 
injuries in an accident on a barge towing a 
giant wind turbine to a North Sea oilfield on 
August 25.  He was working on the 
Talisman/SSE project at the Beatrice field.
Talisman is helping HSE with inquiries.  The 
man was airlifted to Raigmore Hospital 
Inverness after the incident. 

Press & Journal, 9 September 2006

296 Blade failure 9/3/2006 Herzogenrath-Merkstei
in Kreis Aachen, 
Aachen, NRW

Germany Nordex N90, 2.3MW, 
100m hub, 90m diam 
rotor, 145m total 
height

The original police message reported a loose 
turbine blade around 1520.  The turbine is 
located very close to federal highway 221 
between the villages of Alsdorf and Boscheln 
(Übach-Palenberg).  The loose blade struck 
the tower, showering highway 221 with debri
up to 100m.  The road and area around the 
damaged turbine were closed.  The operator 
did not shut down the turbine until 1700, after 
which the highway was cleared and 
reopened.  Why the blade became lose 
remains unknown. 

Original message from Aachen police.  Also 
various local newspapers

http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

297 Fire 9/21/2006 Pedregal Hills, Esteiro, 
Muros, Galice

Spain Turbine failure started a forest fire about 
4pm.  High winds resulted in destruction of 
between 80 and 100 hectares of scrub 
forest, oak and pine.

La Voz de Galicia, 21 September 2006.  Als
La Voz de Galicia, Friday, 27 October 2006

http://www.lavozdegalicia.es/se_galicia/notici
a.jsp?CAT=102&TEXTO=5125652

http://ventdubocage.net/accident19.htm

298 Fire 10/3/2006 Wybelsum Polder by 
Emden in Ostfriesland/ 
Niedersachsen

Germany Enercon E66, 1.5MW, 
65m hub, 60m diam 
rotor

Fire fighters arrived at 230 am but could do 
nothing.  Two of the blades fell burning to the 
ground.  Fire brigade sealed off the site and 
allowed it to burn out.

Ostfriesen-Zeitung from 4 October 2006 http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

299 Blade failure 10/6/2006 St. Thegonnec, Pleyber-
Christ, Finistere, 
Brittany

France 300kW Whole blade detached and fell in windless 
conditions between Friday night and 
Saturday morning. The third incident here - 
two previous incidents in 2004.  Blade 
measures 10m and weighs 2-3 Tonnes.  A 
second blade was damaged by the falling 
blade. The public prosecutor of the court of 
Morlaix, Laurent Fichot, has opened a 
criminal investigation for "endangering the 
lives of others".

Ouest France, 8 and 9 Oct 2006.  Movie is 
also available online from FR3.

http://ventdubocage.net/accident.htm

300 Transport 10/26/2006 North Sea Scotland, UK Parts for 3 x 1.3MW 
turbines

"Wind Turbine tower lost overboard".  Parts 
of a tower were lost overboard from a ship in 
the North Sea, on its way from Denmark to 
Lewis on the German-registered "Lass 
Moon".

BBC News online 26/10/2006 http://news.bbc.co.uk/1/hi/scotland/highlands
_and_islands/6083664.stm

301 Fire 10/31/2006 Wolf Windenergie, 
Heerenveen

Holland Vestas NM 48/750 Turbine on fire photographed on 31 Oct 
2006.  Gondola completely burned out.
Tower damaged.

Confirmed on Vestas WINDNIEUWS 
NEDERLAND - 2006 website.  Photograph 
available via weblinks.

http://home.planet.nl/~windsh/N-06NL.html http://members.aol.com/fswemedien/ZZUnfa
lldatei.htm

Ice throw 1990 to 2003 Germany 880 cases of reported icing events from 
1990 to 2003, 33% on the coastline and 
lowlands, 67% in the mountains

“A Statistical Evaluation of Icing Failures in 
Germany’s ‘250 MW Wind’ Programme – 
Update 2003, M Durstwitz, BOREAS VI 9-11 
April 2003 Pyhätunturi, Finland.

Lightning 1992 to 1995 Germany 393 reports of lightning strikes from 1992 to 
1995 , 124 of those direct to the turbine, the 
rest are to electrical distribution network

Data from WMEP database: taken from 
report “External Conditions for Wind Turbine 
Operation – Results from the German ‘250 
MW Wind’ Programme”, M Durstewitz, et al, 
European Union Wind Energy Conference, 
Goeteborg, May 20-24, 1996
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Blade failure and load monitoring
Windpower Monthly Magazine, 01 September 2008, 12:00am 

Series blade failures have once again hit the wind power industry in America, with specialist service firms now working 
flat out to remedy defects keeping brand new wind farms offline. Defective manufacturing, however, is only one part of 
the blade story. Industry understanding of more fundamental issues, such as how best to measure loads and their impact, 
is far from complete, as the second part of this article reveals

Designing and manufacturing today's ever larger wind turbine blades and keeping them 
spinning for as long as possible is posing a continuing challenge to both manufacturers and 
wind turbine plant operators. The series blade failures that have hit more than one major 
turbine supplier during the past year or so are providing ample illustration that all is not 
well. Blades are too often coming to the market too quickly and with inadequate testing, 
say experts. Even when they are delivered in good order, not enough is known about the 
loads being transferred through the rotor to other components throughout the wind turbine 
and what damage these may be causing. How best to monitor these loads, the vibrations 
they cause and the condition of the blades is a subject of much industry discussion.

"You're building an aerospace-grade object at a boat builder's budget. That's really what a 
wind blade is. That's the problem with it," says Gary Kanaby from the wind group of 
Knight and Carver, a glass fibre products company in San Diego with a long history in the 
yacht building industry. Servicing blades for the wind industry has become a growing part 
of the company's business.

So many blades produced by various wind companies have been lacking in some way or 
another that 80% of Knight and Carver's blade repair business is only in repairing new 
blades that have yet to fly. These are blades from large production batches that have been 
determined by turbine manufacturers to be deficient in some way or another. 

"We know a lot about the blade problems in the US and nobody sees more blade problems 
than us," says Kanaby. He compares the situation to the "bathtub curve" of product life 
where failures occur at two junctures in a lifecycle. A certain number of failures set in at 
the beginning of a given product's lifecycle, followed by a long period of problem free 
performance, capped off later in the cycle with an age related deterioration and failure. 
"That's what's really happening, except the bathtub curve at the beginning is worse than it 
should be."

Series failures

The modern wind industry has been living with series blade failures since its birth in the 
early 1980s and is clearly not over them yet. Over the past two years, blades for wind 
turbines supplied to American customers by Spain's Gamesa, India's Suzlon and home-
grown Clipper Windpower have been deficient from the start, often requiring remediation 
work to many sets before wind farms could become fully operative. In March, Suzlon 
began one of the largest blade repair and replacement programs in America following the 
discovery of blade cracking across the fleet of its 2.1 MW turbines (Windpower Monthly, 
April 2008). The retrofit program involves the structural strengthening of 1251 blades (417 
sets) at a projected cost of $25 million. The problems were mostly limited to blades in 
North America, which are manufactured at a facility in Pipestone, Minnesota. 

Suzlon's problems came just months after Clipper reported its own blade rotor 
reinforcement program. This required retrofit work on the blades of about 260 rotors, with 
more than 150 of the rotors having already been delivered to customers and in various 
stages of deployment in the field. Costs were estimated in the range of $15 million. Prior to 
that, in spring 2007, Gamesa reported that seven blades at a new wind farm in 
Pennsylvania had gluing deficiencies, some of which resulted in large sections of the blade 
being thrown (Windpower Monthly, May 2007). The blades were from a new production 
facility in Pennsylvania. The company would not confirm if any of the more than 300 
blades that had already been produced and shipped from that facility also required repair. 

Those are the companies that have come forward and admitted to problems. Blade failure, 
however, may be more common today than is generally known. "Just about every company 
is having issues," says Kanaby, a view shared by Chris Bley from Rope Partner, which 
specialises in rope access to turbines. Neither will be more specific since they have 
customers among the companies concerned. According to an industry expert at a separate 
blade repair company, GE has had "its share of blade problems as well."

In defence of the turbine suppliers, Kanaby and others say they have been professional and 
responsive to blade defects, finding and admitting the shortcoming and moving rapidly to 
repair the blades at their own expense. "But how long can the industry survive with these 
types of serial problems, I just don't know," he says.

Page 1 of 4Blade failure and load monitoring | Windpower Monthly

10/10/2012http://www.windpowermonthly.com/news/953663/Blade-failure-load-monitoring/

EXHIBIT E-1



Consensus in the industry is that the frenetic pace of wind power development drives 
companies to move new blades through design-testing and commercial manufacturing too 
quickly. The rush to get products to market is particularly acute in America, where the 
emphasis lies on propelling projects into operation before the market collapses again at the 
next expiry of wind's federal production tax credit (PTC). 

Time pressures

Congress has yet to renew the current PTC, meaning that projects not online before the end 
of the year risk economic disaster. Time pressure, in other words, is tending to take 
precedence over product control and blades are a particular victim. "Unfortunately with 
wind, we're seeing this across the whole industry," says Olen Richardson who co-founded 
blade repair company Wind Services Group, based in Texas. He too has seen a lot of blade 
repair problems, with about half his company's work devoted to blades already installed 
and the other half on defective blades fresh from the factory.

"People are ramping up so fast, there is such a demand to buy the product, that
manufacturers are just making it, and customers want the product so bad they are saying 
that I have to have it right now or I'm going to lose my incentive for this, or my tax break 
here that I have to have it now. And that's helping feed the customers. No one is 
intentionally trying to get something out the door that's a bad product; it's just the cycle 
now."

Richardson spent five years working at GE Energy where he was involved in the 
company's wind turbine manufacturing start-up after GE bought Enron's wind business. He 
later led an in-house team specialising in blade repair for GE's turbines in the field. His 
experience on the manufacturing side leads him to believe that the large and quick ramp up 
of new factories in America has played a big role in blade shortcomings.

"There are learning curves that go on and these learning curves ramp up. Unfortunately you 
don't see these damages until many months into production, when they are actually up and 
running. And that's unfortunately when they find those problems, and then it's hard to put 
corrective actions in at a large scale."

Growing pains 

Not surprisingly, companies are reticent to share much detail on the exact defects seen in 
various blade failures. Defective gluing bonds or "signs of weakness" have been cited by 
some of the major manufacturers. Kanaby and Richardson say bonding or sealing up blades
becomes a much more difficult process as blades get bigger. "Look at five years ago, when 
thirty or thirty-five metre blades were king of the hill. Now forty-seven metre blades are 
not that out of place. That's fifty per cent growth in just over a few years. So weight and the 
issues are exponential," says Richardson. 

With added length comes extra width, requiring more precision over a greater surface, 
whether it is maintaining a 47 metre gluing seam, or infusing more glassfibre. The more 
glassfibre, the greater possibility that the glassfibre can move or wrinkle, resulting in 
weakness or less uniformity that sometimes needs to be repaired.

Kanaby agrees with Richardson and others that at least some manufacturers are not doing 
more to validate blade design and construction than the basic in-factory fatigue tests 
required by major wind equipment certification entities such as Germanischer Lloyd (GL). 
In his experience, blades are rarely -- if ever -- field tested for fatigue before being certified 
by GL, says Kanaby. Often first sets of blades are built under very strict engineering and 
oversight by a company's best people, but that attention to detail is not always carried over 
to the later stages of mass serial production of hundreds of blades. 

The added complexity and challenge in producing today's large blades is precisely the 
reason Knight and Carver is not yet producing blades larger than 25 metres. Behind repair 
work, about one quarter of the company's wind division business comes from producing 
these 25 metre blades for machines in the 750 kW to 900 kW size range. These are often 
replacements for California's aging fleet, particularly the many machines still operating 
today made by long-disappeared Zond, a company started over two decades ago by Clipper 
Windpower founder Jim Dehlsen. 

"That's why you don't see Knight and Carver jumping in quickly to build full size blades. 
We don't want to get ourselves into the same position as these other companies, so why do 
it? Let's let blade production even out and see where it goes. Let's learn from others' 
mistakes. Maybe these other companies can afford to make mistakes but our company 
would go bankrupt. We're a little more conservative than that," says Kanaby. 

Kanaby and Richardson are certain that the blade failures they are dealing with now have 
been financially serious enough for the wind turbine suppliers in question that steps are 
being taken to improve the frenetic cycle of production that contributed to the 
shortcomings.

Understanding loads 

As wind turbines have steadily increased in size over the years, so have demands on blade 
producers. Rotor blade technology is being consistently pushed to the outer reaches of 
today's prevailing expertise in the industry. Critical to the understanding of wind turbine 
lifespan is the relationship between blade loads and their transference to other key
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components. More information is needed, says Toby King of Insensys, a British company 
specialising in fibre-optic sensors. 

The wind industry is only now beginning to embrace sophisticated condition monitoring 
technologies for measuring the health of components in the field (Windpower Monthly, 
May 2008), much of which concerns vibration monitoring. What such equipment can 
provide is early warning of incipient component failure so that preventative maintenance 
can be done before a catastrophic failure occurs. Vibration monitoring also provides clues 
of the loads components are being asked to withstand. 

"There are still far too many instances of major components in turbines going wrong," says 
King. "We think it's fine to have condition monitoring systems and it's fine to have 
measurements of your vibrations, but in our experience and in our opinion, the majority of 
those vibrations are the effect, not the cause."

King says there are surprising differences in mass and centre of gravity between any given 
set of blades attached to a rotor. With each rotation, there are out of balance loads and 
bending moments of the blade being transferred through the rotor shaft and into bearings 
and gearboxes. Those gearboxes are not designed to withstand those loads and, in a 
majority of cases, those gearboxes are derivatives of gearboxes from other industries, 
where exterior imbalances and bending loads are not normally transferred to the gearbox. It 
is a relatively new phenomenon for those component manufacturers, adds King. 

Imbalances

The same goes for aerodynamic mismatches between blades since no two blades are 
identical. Blade surfaces can differ slightly as can the weight. And even more importantly, 
says King, minor errors in pitch systems, which tilt the blade angle in and out of the wind, 
are common. This creates imbalances that become more significant the stronger the wind 
blows and the larger the blades are. "If you just have a nacelle-based condition monitoring 
system looking at the drivetrain, you won't see those imbalances often until they have 
caused damage and caused a vibration signature," says King. "I'm not saying the state of 
the art is completely useless, but it's very much looking at the effect of imbalances and not 
the causes."

WindGuard is one company that derives much of its business from visiting wind plants, 
measuring imbalances in the rotors and correcting them in various ways. Something as 
simple as adding a few kilograms to a blade in just the right place or adjusting the pitch 
control system can increase power output for the turbine and reduce vibrations, which 
prolongs drivetrain life. "It's not unlike balancing a car wheel," says King. "You see how 
small those weights are but the effect if you have an out of balance wheel is huge."

Most turbines today have collective pitch control of the power output, where all three 
blades are turned to the same angle at the same time. But with rotor diameter averages on 
new machines pushing 90 metres, there can be significant wind speed differences across 
the rotor span. Having all three blades pitched at the same angle does not necessarily 
account for these differences. 

Some turbines, such as the Vestas V90 3 MW model, have individual pitch control, but 
King does not consider these to be truly individual. They accommodate for different wind 
speeds along the vertical plane by turning blades slightly as they come down and cross the 
tower. That is not the same as constantly adjusting all blades individually based on the 
entire plane of the rotor, he says.

Big vibrations

Whether from minor pitch imbalances or different blade characteristics, concern over 
vibrations being transferred from blades to a drive train becomes a bigger issue as turbines 
and their rotor diameters get bigger. Blade length is proportional to the diameter of the 
rotor, but the force of wind loading is proportional to the square of that. This means the 
problems get much bigger as blades get longer, says King. A slight pitch angle imbalance 
on a ten metre long blade will have little or no effect, but when blades are 50 metres long, 
the imbalances and bending moments are exacerbated. Getting the masses and 
aerodynamics even between blades also gets harder the larger they are.

"It just becomes proportionally much harder to make things consistently when you're 
making them much bigger and harder to test them when they're that big," says King. 
"These fifty metre blades cost hundreds of thousands of dollars a set. You don't want to be 
testing too many of them." Even testing facilities get more expensive the bigger the blade. 
"It becomes more expensive and difficult to instrument the blades and load the blades to do
fatigue tests. It's just a harder engineering challenge," he says.

Manufacturer warranties are another contentious topic. King asks a hard question: why 
should a gearbox manufacturer be liable for a failed or deteriorating gearbox when a 
turbine manufacturer has put three blades on the given machine with a 3% difference in 
mass between the blades. This is a question not being asked by the wind industry and a 
culture of mistrust between different players is stifling discussion. 

"Trust, that's one of the biggest issues in this industry," says King, who previously spent 
time in the medical devices industry, which he describes as much more highly regulated, 
with different parties more obligated to share data with each other. "I didn't realise how 
much distrust and antipathy there is in many cases between manufacturers and operators."
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The financial motivation, says King, is for turbine manufacturers to get the turbines 
through the warranty period with as few problems as possible and by telling the operator as 
little as possible about what is going on with the equipment. Conversely, operators are 
often reluctant to pay extra for sophisticated condition monitoring systems when during the
warranty stage they are often not in control of the turbine and privy to all its operational 
details.

Precision monitoring

Insensys specialises in fibre-optic sensors that are either embedded into wind turbine blades 
during the manufacturing process or added as an aftermarket product to the finished blades.
They operate by sending a light signal down fibre optic cables travelling the length of a 
turbine blade and in various locations. The signal returns to the home sensor at a certain 
wavelength, which is considered a baseline optical signature of the blade. But as the blade 
bends from varying forces of wind, the cables are stretched slightly, which registers as a 
change in the received light signature.

Bending, vibration, imbalances, shocks, even ice-build-up, can be measured with a 
precision of one part per million with the fibre optic systems, claims the company. The 
telecommunications and aerospace industries use the technology to monitor critical 
components. Bridges are often monitored in the same way. 

Through complex software, the information received about the blades can be used to 
inform pitch control systems between different blades with a higher degree of precision. 
Once bonded into the blade, the cables are a permanent part of it and will last its lifetime. 
The sensors can also be used for precision testing of blades on their own or on how they 
impact drivetrains. 

Insensys has provided its fibre-optic sensor systems to seven of the top wind turbine 
manufacturers. It is not a standard product yet, but it is picking up steam, says King. A lot 
of the systems are going into turbines that have yet to be manufactured or committed to a 
buyer or a project site. In effect, fibre-optics are being designed into the next generation of 
wind turbines. The systems cost between $10,000-$20,000 per turbine, with service and 
data monitoring incurring an extra charge on top of the equipment. 

There is still much to be learned about wind turbines and the minor advancements and 
evolutionary steps that can be taken. "There are a lot of problems in how you characterise a 
fibreglass blade," says Sotirios Vahaviolos, CEO and President of Physical Acoustics 
Corporation (PAC). "We know how to deal with metals because we've been doing that for 
about 7000 years. But when it comes to blades, we haven't done that for more than 30 
maybe 40 years in composite materials."

PAC is providing acoustic emission monitoring technologies to the National Renewable 
Energy Laboratory in Colorado and to Sandia National Laboratories in New Mexico for 
remote wind blade monitoring of fatigue and other load tests that could help the 
laboratories design better wind turbine blades or better ways of monitoring blade health. 

Keep it simple

Complex electronic systems are one angle of the blade-monitoring spectrum. Simple 
inspections are the other end. Knight and Carver, Wind Services Group, and many other 
companies in America and globally provide simple inspection services for blades. This can 
be as easy as driving up to a turbine and visually inspecting the rotor with binoculars for 
any obvious wear and tear. 

Knight and Carver has done regular inspections for big wind farm operators in the US like
FPL Energy, Enxco, AES, and Caithness, among others. During calm times of the year, 
inspection crews in the nacelle will suspend a worker down the length of the blade in a 
basket.

Beyond visual inspections of the blades, thermal imaging systems allow the crews to look 
inside a blade and see its condition. The health of a small sampling of blades can often be 
extrapolated across the entire wind plant to determine the overall condition of blades and 
what if any work is needed. Ohm meters are used to ensure the lightening protection 
systems are in good shape. This type of preventative maintenance can often avoid bigger 
problems down the road such as a broken blade tip, lightening damage to the turbine or a 
thrown blade, which in rare instances can lead to a turbine collapse.

Insurance

The potential for saving a large amount of money in the long run by spending relatively 
small sums up front has attracted the attention of wind farm insurance companies. 
Windpro, the largest insurance company for wind projects in the US, recently teamed up 
with Knight and Carver to establish a blade service program for Windpro's customers. 

Wind plant operators insured under Windpro are given a better rate on their insurance 
premiums or deductible payments if they agree to a blade inspection and service plan 
through Knight and Carver. Windpro hopes the arrangement will lead to fewer insurance 
claims. "My feeling is that if you leave them alone and do nothing then you're going to 
have problems. It's what we've been preaching," says Kanaby.
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Appendix 1 
Known Industrial Size Turbine Failures – Resulting in Blades on the Ground 

Jan2008 to Dec 2009 (24 month period) 
 

List Compiled From Public Records 
 

� Dec. 2009, all blades are removed from 25 Gamesa 2 MW turbines in the 
Kumeyaay Wind Project due to damage. Photos show one-third to one-half of 
some blades lost. California USA (counted as only 1 failure due to lack of detail.) 

� Dec 2009, 1.5 MW GE wind turbine in New York State (Fenner Wind Farm) 
collapses after loss of power. Cause under investigation. USA. 

� Nov 2009, 2.1 MW Suzlon wind turbine at Siif Energies Praia Formosa 
development “exploded” loosing a blade, Brazil. 

� Nov 2009, 1.5 MW turbine at Acciona – Aibar Wind Development, nacelle, 
blades, and top third of prototype concrete tower collapse, Spain. 

� Nov 2009, Vestas V47 turbine failure one blade lands on path used by hikers, 
(Falkenberg) Sweden. 

� Nov 2009, Wincon turbine in Denmark (Esbjerg) – defective axle causes all 
blades of 40 m high turbine to come loose, one hit a power transformer – article 
notes that since 2000, Denmark has had 27 incidents of wind turbines loosing 
blades, 

� Oct 2009, Vestas V90 turbine failure, braking fails in winds of 30 metres/sec, 
Sweden. 

� Sept 2009, blade failure, second in 15 months, 56 m turbine, Sheffield U, UK. 

� July 2009, GE 1.5 MW turbine looses blade after lightning strike, Montana, USA. 

� Jul 2009, Vestas V80 turbine looses blade after lightning strike, broken blade 
parts travel 150 metres, Germany. 

� Jun 2009, GE 1.5 MW turbine blade failure following lightning strike, MO, USA. 

� May 2009, Wind turbine blade falls off and onto highway A6, Lelystad, the 
Netherlands. 

� May 2009, Vestas turbine overspeeds and collapses, North Palm Springs, CA, 
USA. 

� April 2009, wind turbine failure, and collapse, CA, USA. 

� Mar 2009, GE 1.5 MW turbine blade failure in Illinois, USA. 

� Mar 2009, GE 1.5 MW turbine collapses at Noble Environmental NY State site 
when blades spin out of control, USA. 

� Feb 2009, turbine collapses at Waverly Idaho when under construction as blades 
spin out of control, USA. 
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� Jan 2009, Enercon turbine looses one 20 m blade (bolt failure) and second blade 
damaged, UK. 

� Dec 2008, Vestas V90 turbine blade damage - pieces travel to home 490 m away, 
PEI, Canada 

� Oct 2008, 42 m long blade breaks off turbine, Illinois, US. 

� Oct 2008, turbine blade contacts tower, buckles it, collapses VT, US. 

� Jun 2008, blade failure, 2 months after in service, 56 m turbine, Sheffield U, UK. 

� May 2008, blade failure Vestas V47 turbine - full 23 m long blade broke off, 
passes over road, the Netherlands. 

� May 2008, Suzlon turbine fire, blades come off in fire. Minn, USA. 

� Apr 2008, 2 turbines each loose 37 m long blades in storm, Japan. 

� Mar 2008, 10 metre section breaks off wind turbine blade, flies 200 metres, Italy. 

� Mar 2008, Lagerway turbine collapse, the Netherlands. 

� Feb 2008, Vestas turbine looses blade - travels 100 m, Denmark. 

� Feb 2008, (another) Vestas turbine blades contact tower, tower collapses, blade 
pieces travel up to 500 m Denmark. 

� Feb 2008, Nordex turbine blade failure Norway. 

� Feb 2008, Vestas turbine looses blade, travels 40 metres – Sweden. 

� Feb 2008, turbine collapse, Island of Texel, Northern the Netherlands. 

� Jan 2008, GE 1.5 MW blade failure in winter storm - Prince Wind Farm, ON, 
Canada. 

� Jan 2008, Vestas turbine collapses, Cumbria, UK. 
This list does not tabulate turbine fires in the same period, unless they resulted in blades 
falling to the ground.  Tabulated fault data shows at least 15 wind turbine fires have 
occurred in the same period, which can result in falling burning fiberglass and oils. 

The 35+ known blade failures that resulted in blades on the ground occurred over a world 
wind turbine experience exposure of about 160,000 wind turbine years of experience. It is 
noted that many countries with numerous wind turbines do not report turbine failures, 
such as India or China. However, even assuming this list constitutes all failures, it is a 
failure rate of 219 x 10-6 failures per turbine year of operation. 

Ontario has seen two incidents in about 1200 turbine years of operation in this period 
where portions of a wind turbine blade have fallen to the ground.  One on a GE turbine 
the Port Burwell Wind Farm reported by A Channel News in April 2007, and the second 
also on a GE turbine at Prince Wind Farm reported by the Sault Star in January 2008. 
There was also one blade failure at a wind turbine at Belwood, ON, in Sept 2006 where a 
failed 600 pound blade traveled 100 metres, which is not counted in these failure figures. 
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ABSTRACT�
Renewable� energy� is� an� important� element� in� the� US� strategy� for� mitigating� our�
dependence� on� non�domestic� oil.� Wind� energy� has� emerged� as� a� viable� and�
commercially�successful�renewable�energy�source.�This�is�the�impetus�for�the�20%�wind�
energy�by�2030�initiative�in�the�US.�Furthermore,�wind�energy�is�important�on�to�enable�
a� global� economy.� This� is� the� impetus� for� such� rapid,� recent� growth.� Wind� turbine�
blades� are� a�major� structural� element� of� a�wind� turbine� blade.� �Wind� turbine� blades�
have� near� aerospace� quality� demands� at� commodity� prices;� often� two� orders� of�
magnitude�less�cost�than�a�comparable�aerospace�structure.�Blade�failures�are�currently�
as� the� second� most� critical� concern� for� wind� turbine� reliability.� Early� blade� failures�
typically�occur�at�manufacturing�defects.�There�is�a�need�to�understand�how�to�quantify,�
disposition,� and� mitigate� manufacturing� defects� to� protect� the� current� wind� turbine�
fleet,� and� for� the� future.� This� report� is� an� overview� of� the� needs,� approaches,� and�
strategies�for�addressing�the�effect�of�defects�in�wind�turbine�blades.�The�overall�goal�is�
to�provide�the�wind�turbine�industry�with�a�hierarchical�procedure�for�addressing�blade�
manufacturing�defects�relative�to�wind�turbine�reliability.��
�
Keywords:� Wind� Turbine� Blade,� Composites,� Manufacturing,� Defects,� Damage�
Tolerance,�Reliability�
� �
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I.��INTRODUCTION�

The�buzz�of�renewable�energy�has�been�on�the�rise�in�recent�years�after�its�decline�in�the�early�1980s�as�
a�consequence�of�the�reduction�of�oil�prices�after�the�oil�crisis�of�the�1970s.�While�the�idea�has�captured�
the�hearts�and� imaginations�of�the�people,�most�of�these�technologies�have�yet�to�deliver�the�bottom�
line;� profits� for� share� holders.�Wind� energy� is� perhaps� the� only� exception� to� this� rule� as� evident� by�
Figure�1.� It�can�be�seen� in�this� figure�that�Wind�Energy�dwarfs�all�other�renewable�energy�sources�for�
new�installed�capacity�and�competes�directly�with�non�renewable�energy�sources�(1).�

�

Figure�1:��Percentage�of�New�Power�Generation�Capacity�(1).�

The�capacity�of�Wind�Energy�installed�in�the�United�States�has�been�growing�steadily�since�the�late�1990s�
approaching�a�50%�increase�in�recent�years�as�seen�in�Figure�2�(1).�This�increase�can�be�attributed�to�the�
fact�that�wind�energy�is�financially�feasible�which�in�turn�has�made�it�the�flagship�for�renewable�energy�
around�the�world�(Figure�3).�

US�Department�of�Energy� is�showing� its�support�for�wind�energy�by� implementing�a�policy�that�would�
achieve�20%�wind�energy�by�2030�(3).�Wind�power�generation�must�continue�close�to�current�rates� in�
order�to�achieve�this�goal�(Figure�4).�While�the�economics�are�profitable�for�investors,�the�growth�and�
wane�of� installations� is�consistent�with� the� introduction�and�removal�of�subsidies.�Wind�energy,�as�all�
business,� is�continually� looking�to� improve�the�profit�margins.�Top�tier� locations� for� farms�are�running�
thin.�Couple� this�with� the�natural� intermittency�of�wind�and� the�economics�begin� to�deteriorate.� It� is�
important� that�wind� farms�achieve�maximum�availability�by� reducing�down� time�due� to�maintenance�
and�failures�as�much�as�possible.�
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�

Figure�2:��US�Wind�Capacity�Growth�(2).�

�

Figure�3:��Wind�Energy�Capacity�around�the�World�(2).�

�

Figure�4:��20%�Wind�by�2030�Scenario�(1).�

There�are�many�parts�in�a�wind�turbine,�and�a�substantial�amount�of�those�are�located�over�60�m�(200ft)�
above� the� ground.� Of� particular� interest� to� reliability� are� the� gearbox,� generator,� and� rotor.� These�
systems�are�often�too�large�and�complex�to�perform�repairs�on�site.�In�general,�repairs�to�these�systems�
require�the�turbine�to�be�shut�down�and�a�crane�brought�in�to�remove�the�problematic�system.�Needless�
to�say,�any�time�a�turbine�is�down�it� is�not�generating�energy�nor� is� it�making�money.� In�addition,�this�
work� can�be�hindered�due� to� limited� safe� flying� time� for� cranes� at� the� intrinsically�windy� location.� In�
summary,� a� quantifiable�&� statistically� defensible� reliability� program� for�wind� turbines� is� required� to�
maintain�and�achieve�the�potential�of�wind�energy�discussed.��

Given� the� size� and� weight� of� wind� turbine� blades,� advanced� composite� materials� have� become� an�
optimal�choice.�These�materials�are�also�attractive�because�of� the�ability� to�make�the�complex�shapes�
required� for� rotor� aerodynamics� with� relatively� low�cost� manufacturing.� In� addition,� composites� can�
have�superior�engineering�qualities�such�as�durability�over�other�potential�materials�like�aluminum�(4).�
While�the�design�and�manufacturing�of�blades�has�improved,�it�is�not�clear�that�it�has�done�so�at�a�rate�
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necessary� to� ensure� a� 20� year� design� life.� Many� of� the� blade� suppliers� are� using� technologies� and�
techniques�that�were�developed�for�structures�with�much�lower�design�loads�and�criteria.�While�these�
methods�are�inexpensive,�they�are�thought�to�offer�questionable�reliability.�

Not�only�has�the�wind�industry�seen�extreme�growth,�but�the�turbines�themselves�have�increased�in�size�
to� take� advantage� of� economies� for� scale� (Figure� 5).� The� rapid� deployment� of� turbines� has� forced�
existing�technologies�and�manufacturing�practices�to�be�scaled�rather�than�utilizing�a�costly�and�complex�
certification�testing�protocols�(3).�In�order�to�meet�the�increase�in�size�and�loads,�alternative�materials�
and�manufacturing�techniques�are�being�explored�(5).��

�
Figure�5:��Estimated�Composite�Wind�Turbine�Blade�Unit�Production�(2).�

In�recent�years,�a�group�industry�partners�and�government�agencies�have�formed�the�Gearbox�Reliability�
Collaborative� (GRC)� to� address� the� short� comings� of�wind� turbine� gearboxes� (6).� A� similar� group�was�
recently�formed�with�the�goal�of� improving�blade�reliability.�Led�by�SANDIA�National�Laboratories,�the�
Wind� Turbine� Blade� Reliability� Collaborative� (BRC)� is� made� up� of� a� collaborative� of� wind� farm�
owners/operators,�turbine�manufacturers�and�third�party�investigators.��

The�portion�of�the�BRC�that�will�focus�on�establishing�the�criticality�of�design�and�manufacturing�defects�
will�be� researched�by� the�Montana�State�University�Composites�Group� (MSUCG).�A� statistical�analysis�
will�be�performed�utilizing�a�metric�based�on�frequency�and�impacts�of�defects�to�determine�what�types�
of�defects�are�critical.� In�addition,�an�accurate�model�predicting�residual�strength�and�damage�growth�
will�be�developed.�Coupling�these�elements�together�will�yield�an�inspection�protocol�aimed�at�assisting�
manufacturers� and� operators�with� improving� reliability.� The� purpose� of� this� paper� is� to� establish� the�
need�and�provide�direction�for�this�research.�
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II.��BACKGROUND,�SCIENTIFIC�MERIT�AND�RATIONALE�

Improving� reliability� of� wind� turbine� blades� is� the� primary� goal� of� the� BRC.� In� order� to� do� this,� a�
comprehensive�understanding�of�the�causes�of�blade�failures�is�necessary.�Classification�of�known�defect�
types�and�establishing�a�criticality�metric�will�lead�to�probabilistic�and�damage�tolerance�methodologies.�
These� types� of� techniques� have� been� successfully� utilized� to� improve� airline� safety� for� decades.�
Implementing�this�information�at�the�manufacturing�level�will�establish�quality�guidelines�while�reducing�
tower� down�time,� rework,� scrap�rates,� and� ensuring� a� successful� life�cycle.� In� general,� composites�
researchers� have�made� significant� headway� into� determining� the� effects� of� defects� and� utilizing� non�
destructive�evaluation.�However,�a�bridge�is�necessary�to�correlate�this�generalized�information�to�the�
specific�uses�of�composites�for�wind�energy.�

A.��Reliability�Issues�

Reliability�is�an�inherent�characteristic�of�a�system,�therefore�it�should�be�considered�a�design�parameter�
and� its� assessment� should� be� performed� as� an� integral� part� of� the� design� process.� In�many� low� cost�
composite�manufacturing� instances� reliability� is� performed�as�a� subjective�and�qualitative� step� rather�
than� incorporating� a� quantifiable� reliability� metric.� In� order� to� achieve� a� truly� reliable� system,�
quantitative�terms�must�be�allied.�For�simplicity,�the�reliability�of�a�wind�turbine�can�be�divided�into�two�
components;� design/manufacturing� and� in�life� evaluation.� The� first� step� in� developing� improved�
reliability� is� to� establish�which� components� of� the� system� are� prone� to� failure.� According� to� a� study�
performed� by� Institut� für� Solare� Energieversorgungstechnik� (ISET)� on� historical� wind� farm� operating�
data,�blades�and�rotors�result�in�approximately�12%�of�a�wind�turbine�down�time�(Figure�6)�(7).�

�

Figure�6:��Wind�turbine�reliability�from�historical�European�data�(7).�

In� 2008,� a� preliminary� survey� of� wind� turbine� farm� operators� was� performed� by� Sandia� National�
Laboratory.� Data� collected� from� five�wind� farms� showed� that� approximately� 7%� of� all� wind� turbines�
blades�had�to�be�replaced.�If�one�blade�failed�on�a�turbine�at�a�time�and�each�turbine�has�three�blades,�it�
can�be�assumed�that�approximately�20%�of�all� turbines�experienced�a�blade�failure�resulting� in�down�
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time.� The� operators� reported� that� the� leading� causes� of� failure� where� manufacturing� defects� and�
lighting�strikes�(7).�However,�based�on�discussions�with�a�number�of�major�wind�turbine�OEMs�and�blade�
manufactures�this�number�is�probably�higher�(8).�

Manufacturing� quality� is� a� critical� issue� for� improved� reliability.� As� recently� as� February� 2010� Suzlon�
Energy� Ltd.,� the� world’s� fifth� leading� wind� turbine� manufacturer,� announced� a� retrofit� program� to�
resolve�blade�cracking�issues�discovered�during�the�operations�of�some�of�its�S88�turbines�in�the�United�
States.�The�six�month� retrofit�program�will�be�carried�out�by�maintaining�a� rolling�stock�of� temporary�
replacement�blades�to�minimize�the�downtime�for�operational�turbines.�The�cost�of�the�retrofit�program�
is�estimated�to�be�$25�million�(9).�Problems�such�as�these�are�not�exclusive�to�the�wind�energy�industry.�
Growing� use� of� composites� in� the� aerospace� industry,� for� example,� has� led� to� similar� problems.� In�
August� of� 2009� a� Boeing� supplier� halted�manufacturing� the� barreled� pieces� of� the� 787's�mid�section�
because�of�a�problem�in�the�manufacturing�process.�This�manufacturing�problem�resulted�in�microscopic�
wrinkles�in�structural�stringer�supports�along�the�length�of�the�airframe.�Boeing�had�to�develop�a�patch�
in� order� to� repair� the� existing� plane� sections.� Subsequently� newer� sections� will� be� made� utilizing� a�
different�manufacturing�process�(10).�

Large�blades�are�likely�to�use�the�heaviest�possible�reinforcing�fabrics�or�prepreg�ply�thickness�to�achieve�
manufacturing�efficiency.�Increases�in�fabric�weight—and�therefore�thickness—may�affect�basic�in�plane�
properties,� delamination,� and� problems� associated� with� ply� drops� where� the� thickness� is� tapered� as�
confirmed�by�previous�MSUCG�research� (11).�Moreover,� thick�composite� laminates�have�an� increased�
likelihood� of� hidden� flaws� and� multiple� flaws� being� grouped� in� the� same� local� area.� A� number� of�
production�related� flaws� may� occur� in� larger� structures� which� are� more� easily� avoided� in� smaller�
structures,� and� rarely� appear� in� test� coupons.� Typical� of� these� are� fabric� joints� and� overlaps� where�
individual� rolls� of� fabric� terminate,� and� flaws� in� fabric� where� individual� strands� terminate� during�
production� of� the� fabric.� Other� factors�which� are�more� likely� in� larger� blades� include� fiber�waviness,�
large�scale�porosity,�large�resin�rich�areas,�and�resin�cure�variations�through�the�thickness�(5).�

It� has� been� suggested� that� a� flaw� in� a� 50�meter� structure� is� just� as� harmful� as� a� flaw� in� a� 5�meter�
structure�(12).�Moreover,�utilizing�a�Weibull�Distribution�to�compare�the�strength�of�a�large�structure�to�
the�strength�of�a�small�structure�shows�that�larger�structures�have�a�greater�probability�of�a�critical�flaw.�
This�conclusion�is�valid�when�the�distribution�has�the�form�(Vlarge/Vsmall)

1/m,�where�V�is�the�volume�and�m�
is�the�Weibull�parameter�(13).�

B.��Aerospace�and�Aviation�Analogs�

i.��General�Discussion�on�Aviation�Safety�Compliance�

There� is� a� notable� difference� between�military� and� civil� aviation�methods�of� compliance.� For�military�
aircraft,� the� government� defines� the� requirements� with� Military� Specifications� and� works� with� the�
manufacturer� to� establish� the� method� of� compliance.� In� civil� aviation,� the� government� defines� the�
requirements� through� regulations� (FAR’s,� JAR’s)� and�accepted�means�of� compliance� through�Advisory�
Circulars.� Compliance� must� be� demonstrated� to� the� agency� (FAA,� JAA)� and� in� this� instance� the�
government�is�a�neutral�third�party.��
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The�Federal�Aviation�Administration�(FAA)�regulates�the�safety�concerns� for� the�civil�aviation� industry.�
Their� regulations�stretch� into�the�manufacturing�and� inspection�protocols.�Federal�Aviation�Regulation�
(FAR)� 25.571�Damage� Tolerance� &� Fatigue� Evaluation� of� Structure� states� that� “An� evaluation� of� the�
strength,� detail� design,� and� fabrication�must� show� that� catastrophic� failure� due� to� fatigue,� corrosion,�
manufacturing� defects,� or� accidental� damage� will� be� avoided� through� the� operational� life� of� the�
airplane”�(7).�

Advisory� Circular� (AC)� 20�107B� on� Composite� Aircraft� Structure� describes� an� acceptable� means� of�
showing� compliance� with� the� provisions� of� FAR� 25.571� for� the� special� case� of� aircraft� structures�
involving� fiber�reinforced�materials.�Guidance� information� is�also�presented�on�design,�manufacturing,�
inspection�and�maintenance�aspects� (14).�This�process�can�be�seen�visually� in�Figure�7.�Unfortunately,�
there�are�no�such�regulations�in�the�wind�industry�because�failures�in�composite�wind�turbine�blades�are�
largely�an�economic�problem,�not�a�safety�problem�(15).�However,�the�economic�impact�of�failures�could�
significantly�affect�the�growth�scenarios�presented�in�Figure�1�through�Figure�5�above.�

�

Figure�7:��Flow�Chart�of�FAA�Safety�Program�(16).�

Since� the� introduction�of� structural� reliability�programs� in� the�aviation� industry,� the� safety� record�has�
been�greatly� improved�as�seen�in�Figure�8.�The�technological�corollaries�between�the�aviation�industry�
and�the�wind�industry�would�suggest�that�similar�improvements�could�be�attained�by�the�wind�industry.�
However,� the�major�challenge� is� to�determine�the�cost/benefit�parameter�which�will�achieve�the�best�
economic�payoff�for�improved�reliability.�
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�

Figure�8:��Commercial�Jet�Safety�Record�(16).�

ii.��Outline�of�Mil�Handbook�17�3F:�Damage�Resistance,�Durability�&�Tolerance�(17)�

In� order� for� the� wind� industry� to� develop� a� statistically� defensible� reliability� program,� specifications�
covering�materials,� material� processing,� and� fabrication� procedures�must� be� established� to� ensure� a�
basis�for�fabricating�consistent�and�reliable�structures.�The�discrepancies�permitted�by�the�specifications�
should�also�be�substantiated�by�analysis�supported�by�test�evidence,�or�tests�at�the�coupon,�element�or�
subcomponent� level.� Further,� thorough�manufacturing� records� are� needed� to� record� part� acceptance�
and�allowable�discrepancies,�common�defects,�damage�and�anomalies.�Substantiating�data�is�needed�to�
justify�all�known�defects,�damage�and�anomalies�allowed�to�remain�in�service�without�rework�or�repair.�
The�Mil�Handbook�17�3F�offers�a�process�for�composite�component�conformity�that�has�been�utilized�in�
military�applications�and�could�be�applied�in�the�wind�industry�to�achieve�these�goals.�

In�order� to�back�up�manufacturing� records,� it�must�be�known�what� the�effects�of�defects� are� so� that�
quality� control� can� determine� blade� conformance.� Thus,� the� defects�must� be� understood� in� terms� of�
both�residual�strength�and�damage�tolerance.�The�structural�static�residual�strength�substantiation�of�a�
composite� design� should� consider� all� critical� load� cases� and� associated� failure� modes.� Also� included�
should� be� effects� of� environment,� material� and� process� variability,� non�detectable� defects� or� any�
defects�that�are�allowed�by�the�quality�control,�manufacturing�acceptance�criteria,�and�service�damage�
allowed�in�maintenance�documents�of�the�end�product.�The�residual�strength�of�the�composite�design�
should� be� demonstrated� through� a� program� of� coupon� to� component� ultimate� load� tests� to�
comprehend�the�effects�of�defects�from�flaw�to�full�blade�scale�(Figure�9).�

Successful�static�strength�substantiation�of�composite�structures�has�traditionally�depended�on�proper�
consideration�of�stress�concentrations�(e.g.,�notch�sensitivity�of�details�and�impact�damage),�competing�
failure� modes,� and� out�of�plane� loads. Component� tests� are� needed� to� provide� the� final� validation�
accounting�for�combined�loads�and�complex�load�paths,�which�may�include�out�of�plane�effects.�When�
using� the� building� block� approach,� the� critical� load� cases� and� associated� failure� modes� would� be�
identified�for�component�tests�using�the�analytical�methods,�which�are�supported�by�test�validation.�
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�

Figure�9:��Typical�scale�steps�needed�to�get�from�flaw�scale�to�full�blade�scale�(18).�

In� addition,� damage� tolerance� evaluation� must� show� that� catastrophic� failure� due� to� fatigue,�
environmental� effects,� manufacturing� defects,� or� accidental� damage� will� be� avoided� throughout� the�
operational� life�of� the� structure.�Commonly,� a�damage� threat� assessment�must�be�performed� for� the�
structure� to� determine� effects� of� locations,� types,� and� sizes� of� damage� considering� fatigue,�
environmental�effects,� intrinsic� flaws,�and� foreign�object� impact�or�other�accidental�damage�that�may�
occur�during�manufacture,�operation�or�maintenance.�Once�a�damage�threat�assessment�is�completed,�
various�damage�types�can�be�classified�into�five�categories�of�damage�as�shown�in�Figure�10.�

�

Figure�10:��Typical�categories�resulting�from�damage�threat�assessments�(17).�

Structure� details,� elements,� and� subcomponents� of� critical� structural� areas� should� be� tested� under�
repeated� loads� to�define� the� sensitivity�of� the� structure� to�damage�growth.� This� testing� can� form� the�
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basis�for�validating�a�no�growth�approach�to�the�damage�tolerance�requirements�as�well�as�determine�
the�effects�of�defects,�thereby�establishing�the�criticality�of�each�type,�size�and/or�location.�Once�critical�
rubrics�are�determined,�corrective�action�can�be�taken�before�the�blade�is�put�into�service�or�different�
in�service�protocol�may�be�mandated.�Regardless,�inspection�intervals�must�be�established,�considering�
both� the� likelihood� of� a� particular� damage� and� the� residual� strength� capability� associated� with� this�
damage.�The� intent� is� to�ensure�that� the�structure� is�not�exposed�to�an�excessive�period�of� time�with�
residual� strength� less� than� ultimate.� Conservative� assumptions� for� capability�with� large� damage� sizes�
that�would�be�detected�within�a�short�time�of�being�in�service�may�be�needed�when�probabilistic�data�
on�the�likelihood�of�given�damage�sizes�does�not�exist.�Once�the�damage�is�detected,�the�component�is�
either� repaired� to� restore� ultimate� load� capability� or� replaced.� A� schematic� showing� the� relations�
between�damage� initiations,� residual� strength�and� repair� intervals�as�a� function�of� time�are� shown� in�
Figure�11�(18).�

�
Figure�11:��Schematic�diagram�of�residual�strength�illustrating�that�significant�accidental�

damage�with�“no�growth”�requires�repair�(18).�

The�extent�of� initially�detectable�damage�should�be�established�and�be�consistent�with� the� inspection�
techniques� employed� during�manufacture� and� in�service.� This� information�will� naturally� establish� the�
transition�between�Category�1�and�2�damage�types�(i.e.,�inspection�methods�used�by�trained�inspectors�
in�scheduled�maintenance).�Documented�procedures�used�for�damage�detection�must�be�shown�to�be�
reliable�and�capable�of�detecting�degradation�in�structural�integrity�below�ultimate�load�capability.�This�
should� be� substantiated� in� static� strength,� environmental� resistance,� fatigue,� and� damage� tolerance.�
Substantiated� detection� procedures� will� be� needed� for� all� damage� types� identified� by� the� threat�
assessment,�including�a�wide�range�of�foreign�object�impact�threats,�manufacturing�defects�(18).�

Flaw/damage�growth�data�should�be�obtained�by�repeated�load�cycling�of�intrinsic�flaws�or�mechanically�
introduced� damage.� The� number� of� cycles� applied� to� validate� both� growth� and� no�growth� concepts�
should� be� statistically� significant,� and� may� be� determined� by� load� and/or� life� considerations� and� a�
function� of� damage� size.� The� growth� or� no� growth� evaluation� should� be� performed� by� analysis�
supported�by�test�evidence�or�by�tests�at� the�coupon,�element,�or�subcomponent� level.�The�extent�of�
damage� for� residual� strength� assessments� should� be� established,� including� considerations� for� the�
probability�of�detection�using�selected�field�inspection�procedures.�Composite�designs�should�afford�the�
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same�level�of�fail�safe,�multiple�load�path�structure�assurance�as�conventional�metals�design.�Such�is�also�
the�expectation�in�justifying�the�use�of�static�strength�allowable�with�a�statistical�basis�of�95%�probability�
with�95%�confidence.��

C.��Wind�Turbine�Blade�Manufacturing�Process�

In�current�production,�prepreg�and�vacuum�assisted�resin� transfer�molding� (VARTM)�have�emerged�as�
the�two�most�common�replacements�for�wet�layup.�The�majority�of�blade�manufacturers�presently�use�
VARTM.�However,�it�is�noteworthy�that�two�of�the�top�four�manufacturers�(VESTAS,�and�GAMESA)�use�
fibers�with�pre�impregnated�resin�(prepreg).�In�general,�VARTM�is�a�lower�cost�manufacturing�option�as�
compared�to�prepreg.�However,�prepreg�materials�offer�optimized�and�consistent�resin�ratios�that�can�
vary�across�the�area�when�it�is�infused�with�a�vacuum�process�(4).�

Typically,�the�outermost�section�of�the�blade�is�a�gelcoat� layer�providing�a�smooth�surface�to�enhance�
aerodynamic�properties.�A� layer�consisting�of�a� soft�material�providing�a� relatively� smooth,�absorbent�
surface� to� improve�adhesion�between� the� gelcoat� and�underlying� layers� is� added� (Figure� 12).�Next,� a�
double�bias� stack� of� composite� plies� is� made� by� twisting� unidirectional� fibers� around� a� core� at� 45�
degrees�in�both�directions�to�make�a�torsion�tube.�At�the�blade�trailing�edge,�the�double�bias�laminate�
splits� into� two� layers� to� accommodate� a� core�material� such� as� balsa,� foam� or� honeycomb.� The� core�
material�laminate�augments�the�buckling�strength�of�the�trailing�edge�of�the�blade.�

�

�

Figure�12:��Images�of�the�typical�mold�process�(19).�

The�interior�of�the�midsection�of�the�blade�is�made�up�of�a�composite�box�spar.�The�outer�layer�of�the�
box�spar�normally�consists�of�a�double�bias� lining.�This� lining�provides�strength�to�guard�against�shear�
and� prevents� the� unidirectional� layer� below� from� splaying.� The� next� layer� consists� of� unidirectional�
composite� laminates� that� primarily� contribute� bending� strength� to� the� box�spar.�Unidirectional� fibers�
provide� tensile� strength,� running� from� the� blade’s� tip� to� its� root� through� the� box�spar,� around� the�
mounting�bushings�and�back�out� the�root.� In�many�cases,� the�double�bias�and�unidirectional�plies�are�
interspersed� to� form� a� single� laminate.� The� interior� of� the� box�spar� consists� of� an� embedded� core�
material� to� guard� against� buckling� (20).� Automated� systems� are� being� developed� to� reduce�
manufacturing�time,�improve�through�put�and�reduce�production�variability�(Figure�13)�(21).�
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�
Figure�13:��Automated�blade�manufacturing�system�(21)�

D.��Generic�Composite�Defect�

Flaws�can�be�broken�into�two�distinct�categories�based�on�the�method�of�introduction.�As�noted�above,�
flaws�can�be�introduced�as�the�result�of�design.�For�example,�since�the�blade�narrows�from�the�root�to�
the�tip,�less�material�is�needed�at�the�tip�resulting�in�plies�being�dropped�along�the�length.�In�addition,�
flaws� can� be� introduced� during� the� manufacturing� steps.� While� design� flaws� can� be� engineered� to�
reduce� likelihood�of� failure,�manufacturing� flaws�may�occur�at� random�with� respect� to� type,� size�and�
location.�Several�of�said�flaw�types�are�listed:�

� Porosity�

� Debonding�

� Delaminations�

� Improper�Fiber/Matrix�Distribution�

� Fiber�Misalignment�

� Improper�Fiber/Resin�Ratio�

� Bonding�Defects�

� Foreign�Inclusions�

� Incompletely�Cured�Matrix�

� Matrix�Cracking�

Examples�of�delamination�and�waviness�are�shown�in�Figure�14:�

�

�

Figure�14:��In�plane�and�out�of�plane�waves�and�delaminations�in�composite�materials�and�resulting�failures�(12).�
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These�types�of�flaws�can�lead�to�extremely�disastrous�outcomes�as�shown�in�Figure�15,�which�shows�the�
catastrophic� failure� of� a� wind� turbine.� This� situation� was� the� result� of� a� blade� failure� that� was�
attributable�to�a�manufacturing�defect.��

�

Figure�15:��Catastrophic�wind�turbine�failure�(12).�

Significant�research�of�composite�manufacturing�and�design�flaws�has�been�performed�by� the�MSUCG�
and�others.�The�MSUCG�has�contributed�by�establishing�a�Composite�Materials�Fatigue�Database� that�
has�tested�over�4500�coupons�for�over�130�material�systems�(22).�This�database�can�be�extremely�useful�
as� most� of� the� material� systems� and� defect� types� tested� are� those� utilized� and� found� in� composite�
blades.� An� incomprehensive� and� brief� overview� of� several� studies� relating� to� the� flaws� noted� above�
follows.�

In�plane� waviness� is� a� common� manufacturing� flaw� (Figure� 14)� and� has� been� investigated� under�
compressive�loading.�Waves�up�to�1.5�layer�thicknesses�were�tested�and�it�was�found�that�more�severe�
wave�geometries�produced�reductions�in�static�strength�up�to�36%�even�though�no�wave�accounted�for�
20%� of� load� capacity� (23).� Bogetti� et� al� found� that� ply� waviness� resulted� in� significant� stiffness� and�
strength�reductions�only�in�the�0�deg�attributable�to�out�of�plane�waviness�(24).�In�addition,�their�results�
indicated�that�waviness�induced�interlaminar�shear�stress�and�that�a�plateau�region�exists�below�critical�
amplitude.�

Avery�et�al�utilized�the�known�sensitivity�of�compressive�strength�related�to�fiber�straightness�to�study�
structural� details� such� as� ply� drops� and� ply� joints� (25).� By� varying� parameters� such� as� ply� thickness,�
fraction�of�ply�drops,� location,�gap�and�mold�geometry�and�pressure,� it�was� found� that�ply�drops�and�
joints�can�provide�adequate�compressive�strength.�However,�severe�knockdowns�occurred�where�large�
fiber�misalignments�were�induced.�Cairns�et�al�built�upon�this�research�by�determining�that�suppressing�
damage� and� delamination� in�service� emanating� from� ply� drops� is� not� possible,� though� in�most� cases�
there� is� a� threshold� loading�under�which� little� growth�after� initiation�was�noted� (26).�Based�on� these�
results,�rules�were�established�for�ply�drops.�

Similarly,�delamination�between�plies�is�a�common�cause�of�failure�of�composite�structures.�Mandell�et�
al�established�fracture�mechanics�based�methodologies�to�predict�delamination�by�determining�critical�
strain�energy�release�rate�for�mode�I�and�mode�II�cracks�(27).�A�model�was�build�and�good�agreement�
was� found� between� the� model� and� physical� testing.� Delamination� between� ply� drops� was� also�
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investigated�exploring�differences�between�carbon�and�glass�fibers�(28).�Results�indicated�that�ply�drops�
for� carbon� fibers� should� be� thinner� than� for� lower� elastic� modulus� glass� fiber� laminates� which� are�
commonly�used�in�blade�construction.�

Cairns� et� al� performed� a� generalized� test� to� determine� the� influence� of� processing� parameters� for�
structural� performance� utilizing� a� formula� to� understand� the� fiber� volume�which� is� linked� to� fatigue�
performance� (29).� By� combining� such� information� with� comprehensive� background� research,� a� solid�
foundation�may�be�utilized�to�characterize�and�understand�critical�flaw�types.�In�addition,�it�will�allow�for�
a�mutually�beneficial�bridge�between�manufacturing�and�research.�Overall,� these�studies� indicate� that�
not�only�will� further� testing�of� specific� flaw� types�may�be�beneficial,� but� that�with�proper�design�and�
quality�control� these�flaws�are�not� inherently�critical.�Rather,� it� is� likely�that� larger�or�combinations�of�
flaws�are�needed�for�failure�of�an�entire�blade.�

E.��Non�Destructive�Evaluation�&�Testing�(NDE/NDT)�

The�ability�to�detect�damage� is�the�cornerstone�of�any�maintenance�program�employed�to�ensure�the�
damage�tolerance�of�a�specific�structure.� Inspection�procedures�can�be�divided� into� two�main�classes.�
The�first,�which�is�most�general,�includes�both�destructive�and�nondestructive�methods�used�for�concept�
development,� detailed� design,� production,� and� maintenance.� The� second� class� includes� only� those�
nondestructive�evaluation�(NDE)�methods�that�can�be�practically�used�in�service�to�locate�and�quantify�
the� effects� of� impact� damage.� The� second� class� is� a� subset� of� the� first� and�depends�on� a� technology�
database�suitable�for�relating�key�damage�characteristics�to�structural�integrity�(17).�

After�initial�process�qualification,�testing�for�conformity�to�design�requirements�should�continue�on�an�
appropriate� frequency� to� ensure� that� the� manufacturing� process,� materials,� and� associated� tooling�
continue�to�operate�within�acceptable�boundaries�and�thereby�produce�conforming�parts.�For�accepting�
or� rejecting� cured� structures,� NDE� equipment� and� procedures� should� be� used� to� evaluate� specified�
material� defects� resulting� from� fabrication� and� assembly� operations.� The� NDE� technique� used� for�
inspection� should�have� the� sensitivity� to� detect�maximum�allowable� discrepancy� type� and� size� in� the�
part.� Specifications� used�by�QC� should� define� allowable� limits� for� each�discrepancy� such� as:� adhesive�
voids,�porosity,�delaminations,�damaged�core,�core�node�bond�separations,�potting�cracks,� short�core,�
lack�of�adhesive,�etc.�(30)�The�need�for�this�type�of�specification�is�a�result�of�the�relationship�between�
the�size�of�a�flaw�and�the�residual�strength�of�the�structure.�This�can�be�seen�in�the�Figure�16�below.�

It� follows� then� that� the� larger� the� strength� reduction� is,� the� sooner� the� damage� should� be� detected.�
Furthermore,�these�methods�also�consider�that�the�need�for�inspection�cannot�disregard�the�likelihood�
of� damage�occurrence.� The�more� likely� the�damage� is,� the� sooner� it� should� be�detected.�As� a� result,�
these�methods�depend�on�service�data�(17).�
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�
Figure�16:��Residual�strength�requirements�versus�damage�size�(17).�

Manufacturing� defects� as� well� as� in� service� damage� can� be� hard� to� detect� in� composite� structures,�
particularly� if� the� flaw� is� subsurface.�The�use�of�non�destructive�evaluation� is�growing� throughout� the�
composites�industry.�There�are�a�variety�of�NDE�technologies�used�on�composites�and�they�all�have�their�
pros�and�cons.�Some�of�the�various�technologies�are�listed�below�(31)�(32):�

� Thermography�

� Leaky�Lamb�Waves�

� Polar�Backscattering�

� Pulse�echo�

� Through�transmission�

� Ultrasonic�

� Radiography�

� Acoustic�emission�

� Interferometry�(shearography)�

EXHIBIT G-17



18�

III.��RECOMMENDATIONS�

The�particular� focus�of� the�effort�will�perform�quantitative�analysis�based�on�the�past�performance�of�
wind�turbine�blades.�The�key�elements�to�consider�in�a�reliability�study�of�past�performance�are�(14):�

(1) Identify�areas�needing�structural�and/or�procedural�reinforcement�or�modification�
(2) Establish�chronological�trends�in�reliability�performance�
(3) Establish�existing�indices�to�serve�as�a�guide�for�acceptable�values�in�future�reliability�

assessments�
(4) Enable�previous�predictions�to�be�compared�with�actual�operating�experience�
(5) Monitor�the�response�to�system�design�changes�

Since�the�aviation�industry�has�established�many�probabilistic�design�models,�similar�approaches�should�
be�utilized.�In�order�to�begin�this�process�two�parallel�efforts�are�recommended:�Flaw�Characterization�
and�Effects�of�Defects.�

A.��Flaw�Characterization�

In�order�to�develop�a�quality�blade�reliability�program�based�on�the�implications�of�composite�flaws,�a�
study�must�be�performed�into�composite�defects�as�they�relate�to�the�wind�turbine�industry.�Variations�
will�exist� in� the�type,� frequency�and�effects�of� flaws�between�this� industry�and�others.�Therefore,� it� is�
imperative�that�data�be�generated�specifically�for�wind�turbine�blades.�

i.��Collect�Flaw�Data�ad�Develop�Database�

Data�should�be�collected�from�industry�in�the�form�of�surveys�to�address�the�following�topics:�

� Flaw�Type�&�Size�Frequency�

� Flaw�Location�Frequency�

� Materials�&�Ply�schedule�

� Evaluation�Techniques�Utilized�

� Frequency�of�Failures�attributable�to�flaws�

� Failure�Mode�

This�data�should�then�be�assimilated�into�a�database�which�will�allow�for�ease�of�access�through�search�
fields�and�the�implementation�of�a�grouping�criterion.�

ii.��Investigation�into�Non�Destructive�Evaluation�Technology�

As�stated�earlier,�flaw�size�is�correlated�to�the�strength�of�a�structure�and�it�is�imperative�that�the�right�
NDE� technology� be� used.� An� investigation� into� the� applicability� of� various�NDE� technologies� on�wind�
turbine�blades�should�be�performed.�The� results�of� this� investigation�should�discuss� the� limitations�of�
the�different�technologies�as�it�relates�to�flaw�size,�type�and�location.�

iii.��Classification�of�Wind�Turbine�Specific�Defects�and�Their�Origin�

Once�the�survey�and�NDE�data�has�been�assimilated,�it�will�be�necessary�to�distill�it�into�bins�that�can�be�
investigated� further.� This� classification� of� flaw� events� will� enable� statistical� interpretation� of� the�
criticality�of�various�categories.�Many�factors�will�affect�the�categorization�of�events�such�as�frequency,�
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implications�to�structural�design�capacity,�susceptibility�to�environmental�influences,�reparability,�failure�
mode�and�generic�effects�of�defect�analysis.��

iv.��Statistical�Interpretation�of�Defect�Relevance�&�Criticality�

With�the�complete�database�established�it�becomes�necessary�to�evaluate�the�criticality�of�flaws.�Where�
quantifiable�data� is�not�available�a�simple�approach�to�performance�measurement� is� to�apply�Pugh�or�
Rank�Reciprocal�methods.�These�methods�allow�for�the�prioritization�of� the�various�criteria�relative� to�
each�other.�Each�data�bin�is�then�ranked�in�terms�of�severity�for�each�criterion.�The�result�of�the�analysis�
is� a� fairly� objective� ranking� of� importance� for� the� flaw� bins.� These� results� will� be� combined� with�
statistically�relevant�frequency�data�to�yield�a�metric�that�develops�a�probabilistic�approach�to�predicting�
the�leading�cause�of�failure.�

i.��Probabilistic�Modeling�

Variations� in� the� structural� behavior� of� composites� cannot� be� characterized� by� the� traditional�
deterministic� methods� that� utilize� a� safety� factors� to� account� for� uncertain� structural� behavior.� The�
result� of� this� dilemma� is� that� structural� reliability� cannot� be� quantified.� A� design� methodology� that�
incorporates� probabilistic� modeling� is� needed� to� accurately� determine� the� structural� reliability� of� a�
composite�structure�(33).�

ii.��Directives�Database�

Should� large� amounts� of� data� be� collected,� particularly� from�operators� on� a� variety� of�machines� and�
blade� models� it� may� be� possible� to� set� up� an� inspection� database� similar� to� that� of� the� FAA�
Airworthiness� Directives� (AD)� database.� The� AD� database� consists� of� inspection� protocols� specific� to�
aircrafts� or� components.� Non�specificity� could� be� possible� if� the� data� collected� showed� strong�
inclinations�to�typical�failure�locations�and�modes�that�are�industry�wide�problems.�A�series�of�directives�
(or�recommendations)�could�then�be�developed�by�a�standards�committee�which�applies�to�all�blades.�

iii.��Generation�of�Distributable�Defect�Characterization�Criteria�and�Flaw�to�Failure�Code�

The�potential�may�exist�to�distribute�a�flaw�catalog�which�would�be�a�visual�database�of�flaw�types,�size�
and�location�which�a�technician�could�use�to�place�an�observed�flaw�into�a�class.�This�could�help�speed�
flaw�evaluations�and�reduce�the�potential�for� incorrect�classification.�Another�tool�could�be�developed�
that�incorporates�damage�growth/residual�strength�models�to�further�predict�the�potential�for�failure.��

B.��Effects�of�Defects�

As� noted� above,� current� research� indicates� that� determining� critical� size,� type,� location� and�
combinations� of� flaws� is� needed� to� ensure� proper� design� life.� It� has� been� proposed� that� this�will� be�
achieved�by�the�following�steps:�

i.��Understand�critical�flaw�types.�

Before�the�effects�of�defects�can�be�determined,�the�critical�flaw�types�must�be�identified�from�the�flaw�
database�and�probabilistic�modeling.�This�will�occur�in�conjunction�with�the�flaw�characterization�efforts�
noted�above.�In�addition,�a�comprehensive�review�of�relevant�literature�will�be�performed�to�ensure�that�
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as�much�background�information�can�be�gleaned�potentially�reducing�the�workload�of�the�latter�portions�
of�this�research.��

ii.��Characterize�the�mechanical�properties�of�common�flaws�deemed�critical�to�composite�
blades.�

Characterization�will�rely�on�static�testing,�both�in�plane�static�and�out�of�plane,�utilizing�the�strengths�of�
the�entire�MSUGC.�As�a�parallel�path,�a�model�will�also�be�generated�and�will� rely�on�physical� testing�
results.�Fatigue� testing�may�be�utilized� in� latter�portions�of� the� research.�A�digital� imagine�correlation�
system�(ARAMIS)�will�be�utilized�to�understand�stress�strain�mapping�associated�with�each�flaw�type.�

iii.��Determine�the�criteria�at�criticality�threshold�of�each�flaw�type.�

Criticality�of�flaw�type,�size�and�location�will�be�determined�for�each�flaw�type�such�that�it�can�be�added�
to�the�flaw�database�to�assist�in�quality�control�efforts.�

iv.��Use�a�three�round�study�to�develop�coordinated�analytical�and�experimental�analogs�for�
damage�growth�and�residual�strengths�necessary�for�blade�reliability.�

The�first�round�will�rely�on�input�from�other�members�of�the�BRC�to�determine�the�types�of�flaws�that�
will�be�characterized.�Characterization�will� rely�on�static� testing,�both� in�plane�static�and�out�of�plane,�
utilizing�the�strengths�of�the�entire�MSUGC.�As�a�parallel�path,�a�model�will�also�be�generated�and�will�
rely� on� physical� testing� results.� This� round� will� be� complete� when� the� model� is� able� to� somewhat�
accurately�predict�failure�of�a�flaw�scale�sample.�Upon�completion�of�this�round�an�interim�report�of�the�
results�will�be�compiled,�including�specific�paths�for�the�second�round.�

Generally,�the�second�round�will�be�further�coordination�of�experimental�and�analytical�results�and�the�
third�round�will�focus�on�an�approach�validation�for�the�entire�structure.�Each�round�will�culminate�in�a�
report� which� will� include� specific� paths� for� the� following� round� and� recommendations,� respectively.�
Other�members�of�the�BRC�will�be�allowed�to�observe�and�testing�will�be�coordinated�to�allow�for�group�
goals�to�be�met.�For�example,�testing�may�be�interrupted�to�allow�for�NDE�inspections�by�other�group�
members.�In�short,�this�testing�will�not�entirely�take�place�as�an�independent�project.�

v.��Understand�and�model�how�these�flaws�contribute�to�the�entire�structure.�

Crucial� to� the� outcome� of� this� entire� portion� of� the� project� is� the�modeling� capabilities� that� will� be�
generated.� The� intended� outcome� will� be� the� ability� to� model� flaws� specific� to� an� individual� blade�
allowing�for�quality�control�a�tool�to�act�as�a�go/no�go�gage.�Users,�likely�quality�control�technicians,�will�
enter�critical�flaw�information�for�each�flaw�known�to�exist�in�the�entire�structure�while�consistent�flaws�
(e.g.�ply�drops)�will� be�embedded.� The�model�will� then�analyze�and�evaluate� the�damage�and�output�
residual� strength� and� durability� information.� This� tool� will� be� a� significant� improvement� and� a� step�
toward�implementing�probabilistic�and�damage�tolerance�methodologies�the�wind�industry�needs.�

� �
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