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HIE (Wind): CH7|5 3712 &

1. The sun shines on land and water.
2. Land heats up faster than water.
3.Warm air over the land rises.

4, Cool air over the water moves in.

Hi2Ho| 7| | (Origin of Wind)

2 (Atmospheric air in motion)

The arrows in the cells show
%rmemrns\e\s_: the direction of air circulation
POLAR F_.{\E_'I.'ERLIES in the atmosphere.
/d VN

T"“"'?‘"’““"‘W the  |[BREVAILING WESTERLIES '

direction of surface wind flow. g mkr"\fr descends

___JN;ER;DE WIW

Ef air rises

Coaler air descends

SE TRADE WIND?
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Location: Irish Sea
87 Wind turbines
(47 MHI Vestas turbines + 40 Siemens Gamesa turbines)
Wind farm capacity: 659 MW ¥

(600,000 homes)
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H= (Horizontal-axis) +El= (Vertical-axis)
T - 2| =0| HiEe| Hhaku} = - 2| T =0| HiE S| Bt =%
e . . - e -t
yp - QFHEEE (Up wind), SIHHE (Down wind) 4] - A23tE oy AlAH 2
Upwind type " N
Blole Ot =4 44l ol Eamzo) o3 - Hhgol grerat RS 28 JHs
Advantage T EE eT = s ME e Ee T - QO A|AH 2mg
Downwind type N S =27 9 S| XA MK 20
-2 AMAH EEHe JOHC 2 Kot H|E el A= c="e
Upwind type
. - U ANAH”H ZO ZEHQ EFYS FE 7t -H2 2=
Dlsadvantage o | o =X, 'I |' |'T |3E |'oo gat = .
Downwind type - 2 OfH| tigst
CEFQIE QI 24 &4 9 B50| 3
o
Generator
~Macelle

Fioed

Fitch

Fotor—

Gearbox-. /A - Generator
Hﬂrlzﬂﬂtﬂ| Ax.l 5 U’E FTICE| A.x.l 5 Figure 6: Several 1ypicalfel)'pcs of vcrlical—axis.wind turbines: (a) D;rius;

(b) Savonius: (c) Selarwind™ [36]: (d) Helical [37]: (e) Noguchi [38]:
Maglev [39]: (g) Coch 40]. . .
(D Maglev [39]: (¢) Cochrane [40] ZX: Wei Tong, Fundamentals of wind energy



Wind

Ly
n

ol

0l
K

SHET2 2H| Fdof et

v

HFEF 2F5 ZF(Angle of A

..Luro

o| A7\t

o2

]

7

oA



1E9| 7lE
KiIER

SEne

Nacelle

Main
bearing

Main Generator

shaft

“ Gearbox
Hub

». Ccasting

Blade

Nacelle bedplate

Z7%: kentwindenergy.co.uk
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324 meter
306 m
300 m
111 m

93m 90 m

Eiffel Tower ~ The Shard  10-megawatt MHI Vestas 8BMW St Paul’s Cathedral Statue of Liberty ~ 2MW turbine
Paris London turbine off Liverpool London New York Several locations
Planned 2016 2000

2020
Sources: Dong Energy UK; Nextwind Inc.




Semi-Sub

Monopile Jacket/Tripod Floating Structures Floating Structures
0-30m, 1-2 MW 25-50m, 2-5 MW >50m, 510 MW >120m, 510 MW
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LI (Nacelle)
EE101|*‘| A2 2MHZ M| 2 Hetols 25 FKA|E0| 0 U= Mot 22 Aol
2| M= (rotor shaft), HZ7|0] (gearbox), E2{0|2 A|AH, 2 A|AE (yawing
system), I|X[Zf F+& A|AH] HHT| SO0 SHUS

- B9 R0 2X]

/ / Generator \
Geared Gearless PMrotor

Base frame

Pitch drives

b
J Generator stator

Low-speed High-spead Macelle
shaft brake

/ Gearbox ! Generator
iJ |
% | ]

Rotor

High-speed
shaft
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2 AMAH (Yawing system)

- HiE Eefs A0 BiE B2 LIS 2TAI7|= AlLE
. ﬂ013£ELIOE1§5FM

« 8 Bfo|3As= A=Kt LA E0|ALF At

Yaw brake disc i | Yaw brake caliper ] | Yaw drive

Low-speed High-speed Macelle
shaft brake

/  Gearbox ! Generator
f |
1 4 — :

Rotor

-------

High-speed
chaft

Yaw grease storage | | Yaw bearing
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7|0{8tA (Gearbox)

| x|

2EZ0| BMF(=2YO0|E WS LHO M3 H|H4E
Zeurol 831 HOILAS ZHoHE FR TX

SH T &4 =X

Zt & A AR (Pitch control system)
H2Fo| £ 0 el E2f|0[=2| BAIZ (Pitch angle)2 Z2ESIY =

Rotor

A= Mofst= X

Low-speed High-spead Macelle

shaft brake

!
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High-speed
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- CIZFEM (Annual Energy Production, AEP): 137t Al

- Z3 (Output power)
- §A=H (Rated power): 34 S5 24¢
- X[CHE 3 (Maximum power): JA2H Al
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3% (Wind speed)
- HA4EZ (Rated wind speed): §A&Z=HY
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Z3HIM (Power curve):
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E 3| $=(C,) 2 Betz Limit

1
Py = EPA1V13
1
P = ZPA(WZ — 1,2) (v, + V)
P 1 v, v,
C = — = — 1 —[(=£)2 1 _|_ _“
a0 P PO 2( (Ul) )( Ul)
5 1
308:40_3 CPmax = (0.593 )@ v, = §171
E Wi B \\ Pe - POCPantT’g

0 02 0.4 06 08 10
Velodty ratio vo/vq
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F%H| (Tip Speed Ratio: TSR, A)

=d0l= 24 Al 95 A=

= rblay, w4

| Tplade

Example) £2[0|= HtZ& 60 m, 2

r

T ade® _ 60Xx12%x2%3.14/60

A — _blade “blade

= 12 rpm, 5 13 m/s

v 13

wind
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73.5%

MNon-renewable
electricity

ZX: REN21(Renewables 2018)

=28 oL X| HZF H|F (17213

16.4%

Hydropower

\/

2 . 2 % Bio-power

]. 9 % Solar PV

os Ocean, CSP and
04 %o geothermal power
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* Source : IEA(2018) / KEA(2018)
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2.4GW
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(15.7%) Ej QT+ =
1.3GW

282 8TWh(7%) +B1.8GW(11.9%)

E82.2TWh(5%)

S 2H0.5TWh (1%) e

812F0.3GW(1.7%)

Ej 2F26.9TWh(16%)

7|E}0.5GW
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How Loud Is A Wind Turbine?
105 dB(A)

lawnmower

L
-~ ~
90 dB(A)

blender ’ Wind turbines, in residentiol areas,
are placed no closer than 300
80 dB(A) g

meters from the nearest house.
vacuum cleaner g 100 dB(A)

50 dB(A)

mid-size
window ac

)
40 dB(A)

refrigerator 50 dB(A)

distance =) decibels

= \\\\\

0 meters 100 meters 200 meters 300 meters 400 meters 500 meters
(ot the source)




1 Hof=zo] 58T A
2 o E46mis E24:8mbs
Open countryside 42dB(A) 44 dB(A)
Noise sensitive land use 37dB(A) 39dB(A)
2 S LFEE TH
Area Limit at night
Heartland, villages, mixed areas 45 dB(A)
General residential areas, small urban areas 40 dB(A)
Purely residential areas 35dB(A)

E 3 ofgt F232| £FEE A

=7+ = i A& A Y FA ALA 9
bt A 2 Ao Al glon, 2 FA R A A 7 A S
A= Lae -7} 45 dB(A), ©}71 40 dB(A)
RPN Laey FH: 7)1 g +5dBA)

ofzb: 7] W7 25 +3dB(A)
w290 Ly Ljen 47 dB, Ly, 41 dB
29l Laeq 35 dB(A) 40dB(A)
T2 g +5dB(A)
) (#A] g = 35dB(A) ~ 40 dB(A))
T LA90(1omg
ofzk v A +5dB(A)
(A = 43dB(A)
o = Ay & abgle] Al e glow, 7 3= 2ok Ak V] A S
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71414 9 500m
s (4241 4)

ol ol oA 5]

500m o}g ~ 1,5km o|Ft
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7 ke SRR
1500m o} HEA)
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Median/Avg. Estimated

3,000,000,000

2,500,000,000

2,000,000,000

1,500,000,000

1,000,000,000

500,000,000

0l 84 - MEfA| ok

Top Common Human-caused Threats to Birds

2,400,000,000

Cats

599,000,000
214,500,000
6,600,000 25,500,000 - 234,012
Building Glass Collision - Collision - Electrical Collision - Vehicles Collision - Land-based
Communication Lines Wind Turbines

Towers '

Hazard Type
Source: U.S. Fish and Wildlife - U.S. only, as of 2017
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'he KIER, a global energy innovator, does its best in pursuing its mission to invent worl lass energy technologies based on
tion, life-cycle research quality assurance, participatory and open communication. Therefore the KIER will become the
nergy technology R&D institute 1n the world, contributing to the creation of wealth and 1mprovement of quahty of lile tor the

people,

open inno

best




