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* Present status of wind energy use
* Physical and meteorological basics
* Techniques of wind converters

e Off shore windparks

* Wind use in Europe
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Wind energy use — a good idea since a lot of years 3



RUHR-UNIVERSITAT BOCHUM

LEE

Worldwide wind use — present status
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Wind energy use worldwide
(values rounded)

Rated Capacity
[GW]

Share worldwide
[%0]

the end of 2016

worldwide 2016

China 169 35

USA 82 17

Germany 50 10
India 29 6
Spain 23 5
United Kingdom 15 3
France 12 2
Canada 12 2
Brazil 11 2
Italy 9 2
Remaining countries 76 16

total 487 100

Germany at beginning of 2016 about 50 GW, 46 Onshore and 4 Offshore.

For comparison:

At the end of 2003: world about 40 GW, Germany about 15 GW

Source: http://www.gwec.net/global-figures/graphs/
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Siemens (Ger)
9,5%

Gamesa (ES)
4,5%

Other 35%
Vestas (DK)

11%

Goldwind (PRC)

9%
Envision Energy
(PRC)
3%
United Power (PRC) GE Energy (US)
<o . . 8,5%
Ming Yang Wind 2
Energy (PRC) Suzlon (Ind) Enercon (Ger)
4% 4,5% 7%

New erected capacity 2015:
56.000 MW

Source: http://www.ingenieur.de/Fachbereiche/Windenergie/Das-9-groessten-Windradhersteller-Welt

Shares of the suppliers in the world market in 2015
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Derivative of the equation with steady velocity of wind v

L -A V=A- Al

Kinetic energy E of a mass element A m
Yamv?

2Am =AYV P
AE =X -A-P_ - v3 By

AE

V = volume

p. = density of air
=1,2 kg/m3

Efficiency

el
v .p. p.-y3
3 PL A-v

n =

Energy and power density of wind
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Bird‘s eye view of horizontally positioned rotor blades

o
=1 ap = angle of attack (angle between profile chord and
s relative approach velocity )
5| .
rotor plane § B = [PUEln Gz
""""""""""" a = angle between wind velocity and approach velocity
Y = circumferential velocity
Vo = wind velocity in the rotor axis
w = relative approach velocity

Bird‘s eye view of vertically positioned rotor blades

rotor axis

for the pitch angle applies:

Vo  a, should be optimal,
besides use b as a set variable in accordance to

rotor plane Vo and u (revolution)

a, =f (B, vy u) =arctan (vo/u)—b

profile chord

Velocity triangle at the rotor blade
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Rotor axis

Profile chord \

The velocities and forces acting on a blade

= Angle of attack

= Pitch Angle

= Average circumferential velocity
= Wind velocity in the rotor plane
= Relative approach velocity

= Drag force

= Lift force

= Resulant force

= Tangential component

= Axial component
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Percent of total capacity (28 MW)
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Source: 250 MW-Auswertebericht: zitiert nach M. Kleemann, FZ Jilich, Vortrag Dehli Januar 2002

Load distribution — Measurement 250 MW program "
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Vertical axis Solar chimney
converter power station

\__-_——/

A A

FAST ROTATION ‘ SLOW ROTATION DARRIEUS SAVONIUS

l O l

Horizontal axis
converter

Resistance rotor

..............................
........................................................

Different types of realised wind energy converters (solar chimney only 1 prototype) .
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WARM DRY AIR WATER SPRAY

_/ AND EVAPORATION

. Warm air flows up into the tower, at
the top of the tower water is
sprayed into the air. The water
evaporates and cools the air. By
the ensuing convection the air
sinks toward the ground and drives
a vertical axis turbine.
Subsequently, the cold air flows
back into the environment.

Suitable locations are hot and dry
areas with nearby large water
supplies. The independent time of
day electricity production is
advantageous.

Source: (Information and graphic): http://www.solarwindenergytower.com/the-tower.html

Planned Energy Tower ( solar - wind hybrid power plant ) in Arizona , USA 15
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Definition of the rotor power

P=05-¢c

p.p.A.V3

v = wind velocity

A = rotor circular area = rt | 2with | = rotor length

p = air density

C, = power coefficient

Dependence of the power coefficient ¢,

C, interdepends with three factors:

1.

Blade design, i.e. ratio of buoyancy factor to friction factor =
glide ratio.
The glide ratio affects the tip speed ratio strongly.

Ratio blade tip velocity to wind velocity = tip speed ratio A
Dutchmen windmills: A =2 -4

Modern 3-blade conversion systems: A = 3 -12

Limitation of the tip speed ratio in practice due to sound
emissions (blade tip velocity contributes to sound emissions with
the power of six)

Ratio of the sum of all blade areas to the rotor
circular area A = solidity ratio.
which is simplified the number of rotor blades.

,»Cooking recipes
for dimensioning of wind energy conversion systems

High glide ratios lead to high tip speed ratios and therefore to a
large power coefficient c,,

-  Modern converters with good aerodynamic
rotate quickly.

profiles

Simple profiles with a smaller glide ratio have smaller tip speed
ratios. Therefore is a large solidity ratio required to achieve an
increase of the power coefficient.

> Slow rotating converters have poor
aerodynamic profiles and a high number of blades

Glide ratio and tip speed ratio have a larger influence on the
power coefficient than the solidity ratio.

- Number of blades for fast rotating converters has a
secondary relevance (in practice mostly 2-3).

Dimensioning of wind energy conversion systems
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Hydraqlics

. Generator

Rotor brake Gelar box
Rotor shaft
with bearings

Rotor hub

Switch box

Wind direction tracker

Blade tilt mechanism —

/

Ill

Constructional type of a WECS with ,,classical” power train
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e
Source: Nordex AG . )‘I':: -

Assembling of a wind converter by Nordex AG .
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Blade

Control box

Adapter

Blade adjuster

LE
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Generator
rotor
Generator, Wind measure
stator
Blade regulation
vy Blade relay box

Rectifier component
Load

Pod control-box

Slip-ring
body

Spindle

Rotor hub

—\

Rotorunder
section

Stator cage

Constructional type of the WEC Enercon-66

Exciter

Maschine holder

Azimuth motor
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Source: ENERCON GmbH

Wind energy converter without gear box .
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Installation of the generator by a wind mill without gears

19
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S Teeome  Jwowsam
without gearbox with gearbox
80 - 130 m (onshore) 100 - 130 m (onshore)

o | s
6—18 rpm 6.7 -12 rpm
Fibreglass (reinforced epoxy) Fibreglass (reinforced epoxy)
Multi-pole Asynchronous, few poles
Via frequency converters Via frequency converters

The technical figures of two different multi-megawatt wind turbines for onshorzg
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Vying [M/S]

Adjusting of the revolutions and the line
frequency with:
/\ \ controllable gearing or

changeable number of pole pairs (electrical
gearing) or

asynchronous generator with extended slip
or

Power P (MW)
N

intermediate direct currency link

2 S/yncronous speed 18.5 rpm
/ ~
) )

Rotorrpom ——»

Curve family of a fast rotating rotor development of wind velocity
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New devices need testing: Problems with gear boxes
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Grid connection for synchronous generators (SG)
without gear box

7N

O

n ~/1bc[= f
1+ — " i

n=0.5to 1.2 (f/p) (controllable)
Inductive reactive load
Controllable reactive power

n= rotation number [1/min]

f=frequency [1/s]

p= number of polepairs

s= slip between the mechanical and magnetical rotation

Example of grid connection

Institute for Energy Systems and Energy Economics
Prof. Dr.-Ing. Hermann-Josef Wagner

Grid connection of asynchronous generators (ASG)
Double excited asynchronous generator

f
D:Gear n //////
Box

n= (1+s) f/p, s= 0 to 0.3 (controllable)
Controllable reactive power

Source: Intrduction to Wind Energy Systems, Hermann-Josef Wagne & Jyotirmay Mathur
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—

Image: http://ais.badische-zeitung.de/piece/04/81/34/f7/55766jpg

“a

Safety - Burned off wind power station in Lahr/ Germany

24
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-Copper? Permanent Magnet?
Generators -Rare earths?
-Superconductors?

-Cost reduction?

-Utilization?

-Legal situation?

-Active control elements in rotor blades?

Rotor Blades

-Drive train monitoring (CMS) for onshore plants?
-Tower- and foundations vibrations — Number of Sensors, also Onshore?
-Periodic Inspections- Scope, Number?

Operations
onitoring

Technical

A o = i ?
Uit Handling of new developments:

-Steel? Concrete?
-Gravity Foundations?
-Environment, under water noise protection during the piling for the foundation?

Offshore Foundations
technologies

Technical developments in Wind Turbines ot
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Baltic Sea

Denmarc

emmm—

i Sandbank

North Sea

1288 MW 3
: DanTysk 8

i EnBW Baltic 2
i 288 MW

: 288 MW \
; \
. { Butendiek
!
il
H

 Arkona Becken Siidost
360 MW

Flensburg
Schleswig \
Veja Mate .......... e f E
402 MW ;00 ]
Trianel Windpark Borkum ... Biisum Stralsund
200 MW i
Merkur Offshore ........... y 4 o Rostock Gretenii
396 MW . - ) :
Borkum Riffgrund 2 ... j see 0 ~ Brunsbiittel
448 MW Liibeck B ‘
,,,, Wismar
———————— 1134 MW =
N ‘\\e“.,_u(\e Norddeich Bremethaven
- @ {
27 e Wilhelmshaven > Hambury
i . Stade - Poland
Emdep Germany

Stand: 16, Januar 2017
@ Stiftung OFFSHORE-WINDENERGIE

Netherlands

Bremen

-_-————eeee— s

B 123 MW

I 1.198 MW

1.206 MW

Source: offshore-stiftung.de/sites/offshorelin.de/files/mediaimages/uebersichtoffshorewindparks

Offshore wind energy in Germany in 2017 .
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Offshore Windparks
um GroRbritannien

7 Beatrice 920 MW
Beatrice pilot project 10 MW

E«Momy Firth 500 MW

e = Windparks
87 : m in Betrieb
< im Bau
i N ¢ BN genehmigt
i - geplant
B Round 3
T ? [ Scottish Round
e ’_Inch Cape 905 MW
Argyl Array 1.500 MW ~ ; 0 25 50 75 100km
S A < N 0 Firth of Forth 500 MW - e
/ o2 Befl Rock 700 MW () -
" Nedrt na Gaoithe 360 Mw O Stand: Mai 2012
: Forth Array 415 MW )
A il N \ Dogger Bank
(lslay 680 MW, 9.000 MW
3 Solway Firth 300 MW!
.. OKintyre 378 MW

Irish Sea
5.000 MW

Arklow Bank
25 MW

Atlantic Array 1.500 MW~

Robin «~—Blyth 4 MW

A+B MW

ngtown Bay 280 M\MD :7 Walney 368 MW

W Duddon 389 MW b §Teesmde 62 MW

‘Ormonde 150 MW Hornsea 3.000 MW
Roogh 240 Wi
oug
" Barrow 50 MW ,
~Gwynt y Mor 750 MW =, y—Humber Gateway 300 MW
/ Inner Dowsing 97 MW- -.II;T::B?:&“S%% MW
- A\ DxBurbo Bank 90 MW _Dudgeon W
“\_North Hoyle 60 MW ~Sheringh: 1315 MW Eagrmn:
Rhyl Flats 90 MW y£88,
Lynn 97 MW-//“Sheal S0 , Losmw
Lincs 270 MW. @ Norfolk  Prinses
) 5000 MW Amalia -
Scroby Sands 60 MW__J/ 120MW . ¢
\,’ ’»\,_
Gunfleet Sands I+l 172 MW. \ < >Greate rGabbard 141l <
MW
/,15]
ol : Lﬂank i
5 ) Thornton
g Bank | 30 MW
Thanet
i 300 MW Belwind |
s 3 oy 165 MW
{ ’ Rampion 500 MW L,

Offshore-wind projects in Great Brltam

Institute for Energy Systems and Energy Economics
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© Doti 2009

Offshore wind farm alpha-ventus: Panorama
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Possible foundations of offshore wind converters

Monopile
= until 20 m deep of
water

= Steel- or concrete
construction

Gravity foundation
= until 10 m deep of
water

= Steel- or concrete
construction

Tripod, Jacket
= more than 20 m deep
of water

= Steel construction

30
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Photo: Helmut
Miller; Sonne,
Wind und Warme
4/2012

Repair of corrosion protection

LEE
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Photo: Grol3e Boeckmann, August 2008

Fundaments for windmills for the windward Alpha Ventus

32
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Jackets
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Source: http://www.siemens.com/press/pool/de/pressebilder/2013/photonews/300dpi/PN201308/PN201308- Source: http://www.siemens.com/press/pool/de/pressebilder/2013/photonews/300dpi/PN201308/PN201308-
04_300dpi.jpg 05_300dpi.jpg

Structure of my presentation

Offshore windpark, transformer station and entrance b
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Al _kff’.’zj e
Source: http://www.siemens.com/press/pool/de/pressebilder/2012/photonews/300dpi/PN201209/PN201209-01_300dpi.jpg

Montage of a rotor blade

35
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79.8 meter 1))

154 meter

SWT-6.0-154

BARLELY
FEYIiLLY

Source: http://www.siemens.com/press/pool/de/pressebilder/2012/photonews/300dpi/PN201204/PN201204-06e_300dpi.jpg

Size of rotor blades
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TLP = Tension-leg-platform
Semi-Sub = Semi-submersible platform

Source: Deep Water The next step for offshore wind energy, EWEA

Floating offshore windparks .
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| Costs Operating costs: 5,1 ct/kWh
Investment plan [€/kW] -
(Average over 20 years operating time)

Hub height <120 m >120 m Service, reparation, others 50 %
Wind power station, transport, Rent 20 %
installation 1150 1340

Management (technical and
. 20 %
Foundation 70 business)
Grid connection 70 Reserve for unforeseen events 5%
Site development (lanes) 40 Insurance 5%
Planning, environmental
. 190

measures, concession, others
Total 1520 1710

Source: Deutsche WindGuard GmbH; Kostensituation der Windenergie an Land in Deutschland, Stand 2013

Costs of a 2 MW onshore wind power station in Germany
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M,

Great Britain

Ireland

(@ Denmar

Netherlands

Portugal

FiT = Feed-in tariffs
FiP = Feed-in premium

e
TGCs= Tradable green certificates W
CfD= Contract for Difference 1 fir FiT tender-based [ Fip FiP tender-based [ TGCs
Source: 2014 JRC wind status report B cfD auction-based I Capacity payment (tender-based) [_] Support cancelled

Different conveying systems for electricity (renewable energies) in the EU
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Biomass Nuclear
3% power 6 %
va

Photovoltaics
20 %
Lignite 12 %

Hard coal
15 %
Wind 22 % -~
(onshore:
21,6%;
offshore: 0,4%)

Water, Oil Natural gas
and Other 14 %

8%

2012
Statistical value (175 GW)

Photovoltaics

Institute for Energy Systems and Energy Economics
Prof. Dr.-Ing. Hermann-Josef Wagner

Biomass 4 % Lignite 7 %

Hard coal 11 %

26 %
__Natural gas
14 %
Water, Qil and
Wind 29 % Other 9 %
(onshore 23%;
offshore 6%)

(Nuclear power: 0,0%)

2024
Objective of government (225 GW)

(Scenario B)

Objective for the power station capacities in Germany in the year 2024 41
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Renewables and liberalisation require the grid extension europeanwide

42
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Leitungsvorhaben aus dem Bundes- Bestehende Leitung (Hochstspannungsnetz)
bedarfsplangesetz (BBPIG 2013)

Leitungsvorhaben aus dem EnLAG
me Vorhaben in bestehender Trasse (Netzverstarkung)

111111 Trasse ist noch nicht festgelegt (Netzausbau)
w— pilotprojekte fiir verlustarme Ubertragung

7 G © OWP Kriegers Flak 3 (DK)
Vorhabennummer nach BBPIG, beistehend die .
] Bund Danamark OWP Baltic 2 (0B
Leitungslange sowie das Jahr der geplanten '\.OQSE"’"’” e (D2l
Inbetriebnahme? [T I \ &
Tonstad (NO}* 2

Nombined Grd Souton (c6s)
Bilaterale Offshore-Anbindung DE

47 km (2015£21)

60k anshore 20k ofekar (2020-2)
2 Kol ~
2, o
NORD.LINK @,
C-Interkonnektor DE - NO ”“""”'"@
100 kn onshor + 200 km fehors (2015) /,/
Brunshitel Q&5
S % P
S € . Gistrow?
. A Schwerin
354m 2016) (39) &1 SoolenZ” . Hamburg [ ke
O s Z ' u .m, (2014) el
Emden/Ost Z OIig, Avzweig (19 40km 2018)
Q Conneforde Z Pm:mm Siid Bértikow >
Z i i
Bremeng 145km Z
(2017) Z
Berlin
111km =
Landesbergen . . @
= (2020-21) 9.1 o
HGO Konidor A Pr Bl s Wolmir
SAken2U28,20) Westerkappeln °
Magdeburg
F 4 9@ Abzwelg Welsieben - Forderstedt
S G0 20km (2015)
S Ham
S ' \Dortmund. 2) H6U Korridor ¢
53 Barwalde
@ "64\1):-:”‘“”'6 \627001:"'::; Lauchstadt o
2017-22) . S Leipzig 46km
103km” S ®puigar 2015)
@020) § Dresden
Vieselbach, S ® sanmaiy i
Oberzier \I K6in Meghiar g —®\
\e} 135 km nli
HGO Koridor A 2021-22)
Bundesgrenze 340 km
(Belgien) (2018)
Richtung Lixhe
-y 130km
e (2017)
Wiesbaden Krittel | Frankfurt Z
108 km e Z

(2018-21) .
20\ Maing Grafenheinfeid

HGU-Korridor D
Saarbriicken

450 km (2022)

Philippsburg.

Q Schwandorf
{GroBgartach
Daxlanden
[ o
Bifenfeld - Mast 1154 1 B 5
5 km (2020) @ Ondersbach
Stuttgart Isar
Altheim
121 km (2017), 3 ‘ nkt = 3 Meitingen
ommelsbach un
2 ttenhofen 2
(2018) {vohringen (2015-17)/ gundesgrenze (Ostereich)
L)
Fichstatien Herbertingen Miinchen
115 km (2020) 111 km (2020)
B and® R
* Lange und Jahreszahl aus Netzent- TR (2020)
wicklungsplan 2013 P a
2Voraussichtlicher Netzanschlusspunkt J’)(./\- Punkt
HG0 = Hochspannungs-Gleichstrom Nisdstwangen
Ubertragung

Bundesgrenze (03TEreich)
OWP = Offshore-Windpark

. 100 km

Source: bi-baunatal.de

Network development plan for the german electricity system (2013/2014)
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Thank you for attention

Bild: http://www.cpmax.com/tl_files/content/leistungen/inspektionen/galerie/100629%20097_klein.jpg
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power

time [minutes]

—— primary control —— secondary control minute reserve

Control power -



