GERMANY 2012

N

WIND ENERGY REPORT



Publisher:

Dr. Kurt Rohrig

Fraunhofer Institute for Wind Energy and
Energy System Technology (IWES)

Division Energy Economy and Grid Operation
Konigstor 59

34119 Kassel / Germany R OIy o 0 x
E-mail: windmonitor@iwes.fraunhofer.de

www.iwes.fraunhofer.de

Hoes®y 5% Pud®
EEe 2 33T 3 Te e
Fraunhofer*
IWES

Z

Editorial team:

Volker Berkhout, Stefan Faulstich, Philip Gorg, Paul Kithn,

.DWULQ /LQNH 3KLOLSS /\GLQJ 6HEDVWLDQ 3IDIIHO .KDOLG 5D N
Dr. Kurt Rohrig, Renate Rothkegel, Elisabeth Stark

&RQVXOWLQJ 'U -XWWD :LWWH HGLWRULDO RI FH 6XUSUHVV

Cover photo acknowledgment:
© Siemens press picture

Copyright:

All rights to reprint, use imagers, reproduce in a photo mechanical or
similar way and to save information in data processing systems remains the
right of the Fraunhofer IWES and their employers.






WIND ENERGY REPORT GERMANY 2012

84



Special Report

DEVELOPMENTS IN
ROTOR DESIGN

Dr. Arno van Wingerde

Introduction

Wind turbines are getting larger — both onshore and offshore.

0DQ\ SHRSOH DQG HQJLQHHUV FHUWDLQO\ DPRQJ WKHP WHQG WR IDOO
for the “bigger is better” argument, and it may even have been

one of those unconscious drivers behind the rapid growth of

WKH LQGXVWU\ $O0VR WKH GHVLUH IRU VR FDOOHG C DJVKLS SURGXFWVD
“we make the largest wind turbine in the market and therefore

we must be very good” may have been a “hidden” driver to-

ZDUGV ODUJHU ZLQG WXUELQHV $ PDQXIDFWXUHU ZLWKRXW D 0:

turbine in its line-up can expect to be challenged concerning its

capabilities. A number of attempts have been made concerning

the optimization of wind turbines from a strictly economical

basis and a few aspects will be outlined here, concentrating on

the rotor blades.

Bigger is better?

Larger blades for the same nominal capacity

A relatively new trend is the use of larger blades for the same
nominal power output. This feels somewhat counterproductive:
why enlarge the blades when it doesn'’t result in more output?
The aim is that the nominal capacity is reached at lower wind
speeds — thus increasing the capacity of the turbine. As the
blades are pitched when the turbine reaches its nominal power,
so the loads on the blades and the rest of the turbine are hardly
increased, thus the costs of the rest of the turbine are unaffec-
ted. The higher wind speeds do not occur very frequently and
thus do not contribute much to the annual production.

Worse, when wind energy penetration gets higher, as is already
the case in Denmark and northern Germany, spot-prices for
electricity go down at higher wind speeds, diminishing the pro-

W RI N:K JHQHUDWHG LQ WKHVH WLPHVY W LV FOHDU WKDW WKHUH LV PXFK
to be gained by extending the capacity of the wind turbine. It )LIJXUH &XUUHQW RDWHU GHVLJQ *UDSK 20DY 20VHC
is amazing and a sobering thought that it has taken the whole 6 RXUFH +L35:LQG
industry so long to realize this, rather than blindly producing
ever higher power outputs for each new turbine. At Fraunhofer
IWES, in the test center for rotor blades, this is certainly noticed:
the newer blades tend to be tested at lower loads than one
would expect on the basis of extrapolation of the loads from
elder, smaller blades.

7HVW FHQWHU IRU URWRU EODGHVY DW JUDXQKRIHU ,:(6 85
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Square-Cube-Law: In UpWind, the problems and solutions with regard to up-scaling

a strong case against larger turbines ZHUH FRQVLGHUHG 7KH VWDWHG DLP ZDV

A major problem in the sector is the square-cube law: the WR 0: DQG FRQVLGHU WKH WRWDO FRVW

power output increases with the square of the blade length, be solved. The conclusion was that technically it is possible, but

which is readily understood when one considers that the swept that the cost of energy would not go down.

area from which the turbine is taking the energy is proportional

to the square of the blade length. However, the blade increases Although the turbine itself tends to become more expensive,

in three dimensions: length, width and thickness, thus the mass raising the cost of energy, it should be noted that the turbine

and costs increase at the cube of the blade length. Although itself only comprises some 20-50% of the total costs of offshore

manufacturers try to mitigate this effect by improving the blade wind energy. The wide variation between 20 and 50% is due

design and manufacturing quality, it is clear that for larger to local circumstances, such as wind speed, water depth, wave

blades the cost of the blades in increasing at a higher rate than conditions and distance to the coast. However, the non-turbine

the power output. related cost aspects, such as support structures, installation and
FDEOLQJ LQFUHDVH VLJQL FDQWO\ ORZHU

Worse by far is the fact that the material is reaching its limit: are the major rationale behind the size increase for offshore wind

FRQVLGHULQJ D F\OLQGHU ZLWK D GLbreigg HU RI bP PDGH RI JODVV

HSR[\ ZLWK D VSHFL F GHQVLW\ RI - bNJ P DQG DQ XOWL

PDWH FRPSUHVVLYH VWUHQJWK RI b ORI reZKsFKe bMNERDIQWLOHYHUHG

and loaded only by its dead weight. Calculating the bending Floating wind turbines: the HIPRWind project

moment at the support results in a beam that breaks at around For shallow locations, the monopile has been established as the

bP OHQJWK K QRW IDU IURP WKH F XU WthQow sttubttel of YhaicE OUR @ Hts/lowiQcosts. B& slightly

blade is currently being tested at Fraunhofer IWES). deeper locations, which are more frequent than the relatively
shallow parts of the North sea, jacket structures or tripods are

Obviously, a blade is larger, hollow, non-prismatic, can use car-preferred; however, these tend to get more costly with increa-

ERQ EHU ZKLFK LV VLIJQL FDQWO\ OL 3Kywdter de@hs. FrdinPsekZ0knDidite/dépthRigvaid Ubeyond

but still the dead weight of the blade is rapidly becoming the WKH FXUUHQW RIIVKRUH ZLQG SDUNV D

major load case — one that cannot be counteracted by simply SURYH WR EH FRPSHWLWLYH ZLWK [HG V\

DGGLQJ H[WUD PDWHULDO +LJKHU JUDGH DOEHLW VLJQL FDQWO\ PRUH

expensive, materials need to be used in addition to improving An example of such a structure is developed in the European 7th

the design and manufacturing process to enable the full use of framework project HIPRWind, coordinated by Fraunhofer IWES,

the materials. to be installed in the Spanish waters, north of Bilbao. Floating

support structures tend to be expensive, however, they scale qui
The rationale behind larger turbines: te favorably with larger turbines and water depths, making them
lessons learnt from UpWind suitable for large turbines and large water depths. Apart from

So far, some arguments against larger turbines have been made. WKHVH SRVLWLYH DVSHFWYV RDWLQJ VWL
Similar arguments can be made for other parts of the turbine, ZHOO IRU HI FLHQW ORJLVWLFV LQ ERWK
where the costs increase with more than the second power with of large numbers of wind turbines, something that is necessary
the turbine diameter, thus increasing the cost of energy for larger if one considers the targets of the EWEA concerning offshore
turbines. wind, namely 40 GW installed offshore wind power (about 4%

of Europe’s electricity consumption) by 2020 are to be met.
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Inland wind energy: a tale of two cities

Amongst all the promise of offshore wind turbines it is easy

to forget that today, most installed wind power is actually

RQVKRUH ORUHRYHU JLYHQ WKH ODUJH SULFH GLIIHUHQFHV EHWZHHQ
offshore and onshore wind it is often a political, rather than a

technical /economical decision and politics have been known to

shift overtime...

Yes, offshore wind conditions are more favorable than onshore,

and the difference gets bigger for areas further from the coast.

On the other hand, spreading out the wind generation over a

larger area results in a more benign change in generated power:

WKH ZLQG ZLOO QRW GLH DW WKH VDPH WLPH LQ +DPEXUJ DQG O0XQLFK
simply because of the over 600 km distance between them.

Also, less transport capacity is needed if Bavaria generates its

own wind power.

The average wind speed at 50m above the ground level around
Hamburg is about 5 m/s (and nearest to the coast about 6 m/s),
ZKHUHDV LQ OXQLFK LW LV RQO\ PV $OWKRXJK WKH GLIIHUHQFH

may not seem like much the energy per swept area increases

cubically with the wind speed to the power 3, so Hamburg has )LJXUH 7KH (XURSHDQ :LQG $WODV B6RXUFH 7URHQ 3H
DERXW WZLFH WKH HQHUJ\ SHU VZHSW DUHD DV OXQLFK ZKLOH WKH

coast nearby has twice as much again. Considering that current
onshore wind energy costs about half as much as offshore wind
energy, with additional costs to transport the electricity to the
south of Germany, obviously there is quite a bit of room to
increase the rotor diameter, reducing the problem to a political
one: the “not in my backyard” problem.

10

Mean wind speed (m/s)
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JLIXUH $YHUDJH ZLQG VSHHG LQ .DVVHO DW YDULR
6RXUFH )UDXQKRIHU ,:(6
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Inland wind energy: not enough wind? two directions, total duration of a test can reach a year, taking

As the wind speed inland is typically lower than near the coast and up a huge test facility and delaying the time-to-market for the

as the energy increases with the third power of the wind speed, manufacturers.

one could easily conclude that wind energy is only economically

viable in areas with high wind speeds. However, that needs not Subcomponent testing

be the case. In Kassel, roughly halfway between Hamburg and Blade development differs from most other industries in that

OXQLFK LV D P PHDVXUHPHQW P DVWmdthy leilyDedupoB tésts aré&ariidd lut to establish material

results of the measurements, averaged for 2012 at increasing data, followed by a full-scale blade test to verify the design.

KHLIJKWV IRU WKLY ORFDWLRQ DUH VK RIucomPongr( kests] Xislibd in BéSOdthEr industries, are typi-
cally limited to root connections. An effective development

It is interesting to see that the wind at increased altitudes is cycle is thus mostly unsupported by structural tests and small

KLIKHU DW QLJKW WKDQ GXULQJ WKHPBOGL FIRWIHR QF SRRIXNOI BULYPFWEBOO\ UHT)

tremendous increase in wind speed between 40 and 200 m. test — a most undesirable state of affairs. Clearly, the develop-

The average wind speed almost doubles. Although this is only ment of subcomponent tests to supplement or sometimes even

D SRLQW PHDVXUHPHQW DQG WKH LQ rpthceHuil SRdle \Wde tdétd isInesessarg tongkaltify structural

average wind speed varies between locations and with local details, manufacturing processes, material substitutions and

JHRJUDSK\ WKH JXUH VXJJHVWV WK DWKIHQORRWW S5GIF/FHDW ERQR/UDDQRYIHWLRQV D Q

wind speed can be compensated for by increased tower height cooperate to enable subcomponent testing.

and rotor diameter. The additional costs of these measures

should be weighed against the transport costs, the additional Blade defects during testing

costs of offshore turbines and the aforementioned political During testing, a large percentage of the blades suffer minor or

boundary conditions. major damage. Partly this is caused by the fact that the test load
has to exceed the design loads including a load factor (about
Full scale blade testing 35% for fatigue, according to IEC 61400-23) for all critical

Together with a drive towards optimized manufacturing, the areas of the blade. However, as the bending moment curve
FHUWL FDWLRQ SURFHVV RI WKH E O D Gapplie& dv¥s foH&llQw the Gesifred béling ImMahken\eire, so
inclusion of obligatory fatigue tests in the new IEC standard that some parts of the blades see loads that are 15% to 20%
61400-23. However, a problem is that the blade test capacity higher as the required test loads, or around 50% higher than
worldwide is not being able to cope with the demand. In order the design loads.
to save on energy and hydraulic oil supply, blades are now-al
most always tested at or close to their natural frequency, which Another major factor is the manufacturing quality. Based on
for large blades can be as low as 0.4 Hz. Also, the fatigue loads experience from testing at Fraunhofer IWES and before that
are getting close to the static loads and manufacturers are seenin the Netherlands, it could be guesstimated that most blade
to increase the number of cycles from 1 to 2 million cycles to failures during testing are due to manufacturing defects, even
bPLOOLRQ F\FOHV PLOOLRQ F\FOHYV thadgh the#g¢stbladesioften receive VspeZidl lte@ntion” from
carried out continuously, 24/7 and without inspections or other the manufacturers. About one in every three or four blades
interruptions. In practice this test and the set-up stretches to needs repairs during testing and about every blade shows
close to half a year, just for the fatigue test in one direction. small manufacturing defects — not surprising giving the manual
Since blades are typically tested statically in four directions, thanmanufacturing process.
fatigue tested in 2 directions and then again statically tested in
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Challenges for the industry

The growth of the industry, both in turbine size and in installed
power is unparalleled. Other industries, such as aerospace,
seem almost static by comparison: the original 747 design
dating some 50 years back. However, this rapid growth comes
at a price: too many established turbine manufacturers and
developers are still rooted in small industries, with relatively few
means for development, and a generally low quality manufac-
turing standard. Partly this is due to the heavy pressure on the
prices, due to for instance the Chinese competition. Partly it has
to do with a backyard mentality: produce the blades, sell them
with two years of warrantee and hope not too many blades
develop severe problems in this period. If the blades do develop
problems, repair or exchange them. Each blade is hand-made
and can be considered unique, a comparison to the automobile
industry at the time of Henry Ford seems far more appropriate
than is desirable.

This “business model” is threatened from a number of direc-

tions:

 the customers are getting larger and expect return on in-
vestment: they are less likely to accept a two year warranty
period kind of approach any more

e repair or replacement of blades (or other components) YLIXUH 6WDWLF WHVW RI WKH $5(9% P EODGH
offshore is very expensive — the rent of a ship alone canbe 6RXUFH )UDXQKRIHU ,:(6
€200.000/day.

« for large blades, the margins have to be reduced in order to
carry the dead weight, leaving less room for error

As a result, blade manufacturers will be either forced to take / \\\\ A\
quality standards much more seriously, or being pushed out
of the market. This need, together with the drive towards " \\\\\&\\\\\
. N\
0,

more economical production is the drive behind automated
PDQXIDFWXULQJ LQLWLDWLYHV VXFK DV WK_H_%'OS SuU
coordinated by IWES. It is expected that once a manufacturer
DFKLHYHVY WUXO\ HI FLHQW DXWRPDWHG PDQXIDFWXUH WKH HGJH RYHU
the competition may well force competitors to follow suit or

disappear from the market.

JLIXUH 5DWLR EHWZHHQ UHTXLUHG DQG DFWXDO EHQC
YDULRXV WHVW IUHTXHQFLHV 6RXUFH )JUDXQKRIHU ,:(6
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A less traveled road: small wind turbines the tremendous wind speeds at higher altitudes, which can be

$ PDMRU GH FLW H[LVWV LQ WHUPV Rppetligseay @tHduttoweisgSsauctt® vostfRk Q

especially compared to solar energy: use of small energy con-

verters for private households. It is relatively easy to install PVYet another concept is the bladeless turbine design by Saphon

panels onto your house and use them for energy generation. By Energy, which claims to have beaten Betz law, and twice the

contrast, putting up a small wind turbine is rather cumbersome, amount of generated power per area, as well as lower const-

especially because the legal framework for putting up these ruction costs, using a non-rotating disc, which using the drag

machines is lacking. force of the wind to power pistons, which built up hydraulic
pressure, to converted to electricity or stored for later use. Small

JXUWKHUPRUH WKH TXDOLW\ DQG HQBURWHRW\ISHHYFKIRYHVEBBQ EZXIQ@WW EXW

turbines is often wanting, many turbines do not reach their yet.

rated power, or require wind speeds of 15 m/s to do so — wind

VSHHGVY ZKLFK UDUHO\ RFFXU LQ PRV WItHORF Devirdzépiéd hBodwdhtiBrialGXluidrsVade interes-

rers lack development resources and testing and placement ofting, it cannot be expected that these forms will take over any

small turbines is not regulated particularly well either, especially time soon. However, the will of these developers to leave the

in Germany, where the regulations vary per state and are trodden path of the conventional designs is laudable and might

often the same as for large wind turbines, requiring extensive contribute to extra potentials for wind energy later on.

and expensive review procedures. This has severely hampered

implementation and perhaps acceptation of wind energy and

should be addressed by research organizations and government

bodies together if this immense source of renewable energy is

to be tapped.

Other options: no blades, vertical giant wind

turbines, kite wind turbines

Is nobody trying entirely new concepts, rather than just taking
a 60 year old concept and making it slightly bigger? In a large
research effort, the concept of smart blades is being investiga-
ted by Fraunhofer IWES, ForWind and DLR. However, a large
number of alternative concepts exist: from accepted alterna-
tives, such as vertical axis turbines and two-bladed horizontal
turbines, to more exotic ideas.

Long before the Dutch windmills, the Chinese invited the kite.
Various researchers are investigating the possibilities for extrac-
ting energy from kites, typically using a mechanism where kites
\ XS SXOO D FDEOH ZKLFK WXUQV D JHQHUDWRU DW LWV PD[LPXP
height, the kite is pulled down and starts again. SkySails,
known for their sail propulsion system for ships, is building a
prototype, which is planned for this year. The advantages are

90
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