IRILF—EmE10[E
BAREVATLODIHA

S
K‘l |
M
~

Ch

2016 6H15H

ri',:af\ System Design Laboratory, Chiba University



AENE

J
JH
J

Wik

NI RILE—DERE

[ 2

i

IrnI IrnI

v

J

E1EHE

J
J

waloY;

vjj%ﬁ

J

Wik

s DEARBIE RN

S DIEFE
S D IR F—T IR

R

\"J

NIFEE

AT LDER BE

\ T RILF—D 5 KT A
HAOE T

5D

H R EE

ZIREICHE T HHUE

e
w
CHIBA
LTAVER TY

System Design Laboratory, Chiba University



Bk (ZfE LSRG RILT—

A

KA 5 IWERICEE b i1 <
R I L F—
1.26% 10" kW

= = .".\.\

1 {& 5 000 75 km

N
\ R 2 1R
IARIF—

¥ 1x10"° kW

J& 158

PN S D

HAESIZRED i<
4R T R L F —
50X 10‘0 k\\f

l

4

fZF B A > ri— ¥
® ®10-1 ABHSOIRILE— @

o%\ System Design Laboratory, Chiba University



KNEHLITRILT—

= HIEK(Z[FY FC I RILT—
FBAHMRE: 1.26 x 1014 KW

A ﬂﬁ/ﬁ%id) 1 751’114J:
E|2|: 5.0 X 1019 kW

- Eujjl;ll")l/jg_
ANEGHIRILEF—D 0. 2%

- %Jiiﬁzs 7’-: 50

rf;:af\ System Design Laboratory, Chiba University



RAOFEEDRE

s REOQOIJL—KFTRODDEZITES
= BEZEL, AEHMICEGEITIHEEHZTOEIHE S,
= REHMTHREL. ERIRILT—IZERT S,

[ 2

iy

TCh L 2) W (ll§iz %)

275 R
JMtEE— 2~ )
P= 12 (PAV) V2= —%AVaaV"’ - j%?_) +Ro

10-2 BEAHIRILF—

ciPBA System Design Laboratory, Chiba University



JE\E

1]
Lml
[T
P
7 4

P
— Al R . —

* 5 v ¥R %
BRI — 7 X # RGRY %
— )y AR W@

— EE R —
—HAR=T AR @

(10-3 EEOHE

cii:a,\ System Design Laboratory, Chiba University



BLEOZ RN E

1
W = E,OAVB
p=129kg/m3 . EREHEE
A =nR*m?*. ZREMEE
V&
« EEDOME 60%LLT
EEMNZ(TERE /T —:
1
P=cC 2,oAV3
C, < 60%

rf‘;:af\ System Design Laboratory, Chiba University



-

X
=

S D/NT—1RE: BLhERLLIKRTF

HRANEH—T (X OBRRH)
/

@9") 7 AR

& 04
§ Ju~s Rk
5 0.3
0.2
01 1 1 1
0 1 2 3 4 5 6 7 8 9 10
%ﬂ&=”%&?ﬁ

10-4 FHEHEBOHAFRE (TRIVF—ERDR)

cﬁi:B,\ System Design Laboratory, Chiba University



RKEBENDRE AT LDFER

\

» JL—FaR<THIEICEY . BV ERLEZHER, ZifshER
fﬁ&bb*béo

= NAORELET SHC/IP

(@

A
T
TR
N /}ﬁl{% L_}_'L.”/
| 7L —F ¥
078 — B ilth 3% [

5 (P _47 Tl R

sy [rs=# [T 7 72 masm [
DCY ¥ 27 R

/' ACY ¥ 2 B IEEEEE )
J

Fed

O E10:5 TOXRSEXBEADFEBI AT L (2000 kW) OEFRERE O

it

L

JLRE




BELAOFEEHDOKREE

s FERBENAY

= 1 EENEL
-
= JARHZLD
BDT A ¥ — P} <[] iZ T 80 m—> JA i ec iy
(R 3 FE T M) 7 00 [ ZOM7S
7L—FE
«— 205 64 m—> 40 m
Y
x
i '
110 m 50 mipdAm.s
g B
| 70.66 m s
(T m"HTT J, : 10 m
SxvEVzy M AT LB 2 000 kW

i REDRBLE Y AT AL 5~6m

® @10-6 ANEHRKBYRTLOHEE O

c%\ System Design Laboratory, Chiba University



&b & Jm 1 FEE

5 AT s
 RENE S
= ND—FE, IRILF—FEH(ZEL
= OXMNS

| \
AT 35 1]

[ A 1 o U 1 TR B 0 e s W1 (0 3 S (YA 7))
A H AT S

3 1 fil 78 Lo

JEUZ X Is ] ik
O F10-7 FHEEBEADERVATL (NEFUSIEAE) O

BIEH | KRR kWA=

ciea  System Design Laboratory, Chiba University

10



Wind energy benefits

m No air emissions

m No fuel to mine, transport,
or store

m No cooling water
m No water pollution
® No wastes

C%BA System Design Laboratory, Chiba University



Wind turbines

c%\ System Design Laboratory, Chiba University



Turbines: Different sizes and applications

Small (10 kW)

« Homes (Grid-connected)

* Farms
* Remote Applications

(e.g. battery charging, water
pumping, telecom sites)

Intermediate
(10-500 kW)

* Village Power
* Hybrid Systems
* Distributed Power

Large (500 kW - 5 MW)

* Central Station Wind Farms

 Distributed Power
» Offshore Wind

o%\ System Design Laboratory, Chiba University



Onshore wind farm

= Range in size from
100 kW to 5 MW

= Provide wholesale
bulk power

L Reue

average wind sites
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Offshore wind farm

i1
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Wind turbine structure

Gear-Box

broke

Blades |
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Power curve: Aerodynamics

= Power to the generator shaft

1 \
_ 3 T,
Ptur — §Cp(97 )‘>/0A’vaind '
P — Utip _ Rw
Uwind Uwind

= ratio between tip-speed and wind speed

> A

= Torgue to the generator shaft
Tw = 55 pTR306qCp(0, \)

i
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MPPT (maximum power point tracking)

A
O P tur -Popt
g=
@)
2
=
2 V3 (Wind speed)
O
=
S U2
2
T U1

> W

Rotor speed
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Wind turbine sizes

1980s: 300m

————
P T C
o »

. i

= 50 kW capacity :
Past and present H Future wind

wind turbines turbines?

——
'''''

Today's average: P uPwiND 10and 20 MW
= Onshore: 2 MW
= Offshore: 5 MW

: 20m
1995 ; Q 15m Source: Garrad Hassan
1990 Q
1985 1980
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Cost structure of a typical 2 MW wind power plant

Investment Share (%)

(€/kW)
Turbine (excluding 928 75.6
labor)
Foundation 80 6.5
Electric installation 18 1.5
Grid connection 109 8.9
Control systems 4 0.3
Consultancy 15 1.2
Land 48 3.9
Financial costs 15 1.2
Road 11 0.9
Total 1,227 €/kW 100 %
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Installed wind power capacity in 2008

70,000 MW

OGrowth in 2008

HInstalled capacity in 2007
60,000 MW i

50,000 MW Fren

40,000 MW =]

30,000 MW P

20,000 MW e

10,000 MW b ]

mn P oz
ﬁ == == o P b s

o MW + =l T = =l T = =L T T —
Latin Middle East Rest of Rest of Asia Asia Pacific Canada India China USA EU-27
America & & Africa Europe
Carribean
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Offshore wind power installed in EU-27 by 2008

_ Belgium 30MW 2%

~— Denmark 409.15MW 28%

United Kingdom 590.8MW 39% ——__

__ Finland 24MW 2%

~. ™ Germany 12MW 1%

—~—

/ | \ Ireland 25.2MW 1%

Sweden 133.3MW 9% — Netherlands 246.8MW 17%

= 2 g - g 4 3
v’ mbals M A s M ) )
( : « ! 4 v o M
AW AN « | PUN - { AN
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Wind energy in gross electricity generation

20%

18%

16%

14%

12%

10%

8%

6%

4%

2%

0%
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— | 2006
02007
- -
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Example: Share of Wind power in Denmark

Wind production/ power consumption (%)
(o]
[
__——-""'_______.-.=
e
—_—
— |
—
[

I YR A N Y ]
g ” R VA

1 49 a7 145 193 241 289 337 385 433 481 629  b77 625 673 721
Hours in January 2007
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Integration of wind energy Iinto
the power grid

i
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Integration into grid: Wind energy

|1

Wind

Turbine

A

><

Gearbox AC/DC DC/AC

Generator Rectifier Inverter

Transformer

!

Xmu :|-C+ ‘K%

Back-to-Back
Topology

= Wind turbine is operated at MPPT mode, rotor speed is variable,
leading to frequency fluctuation.

= To synchronize with grid, power electronics plays the key role.
= Rectifier: AC/DC
= Converter:. DC/AC
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Connecting wind power to the grid

Administrative challenge

= Grid access in many countries a key barrier for wind power
development

Physical challenge

= The electricity grid has been built for centralized power
plants (fossil, nuclear, hydro)

= The best wind sites are sometimes in areas with weak grid
Infrastructure - Grid extensions required to integrate
these wind energy potentials

rfi:BA System Design Laboratory, Chiba University



Fluctuating wind energy source (1)
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Fluctuating wind energy source (2)

= Disadvantage: Wind source Is not always
available

= Advantage: When it is available, zero fuel costs

= Power fluctuation causes instability of grid, even
blackout in the worst case

= = Combination with other flexible power
generators such as hydro generation

= = Combination with high power storages such as
NAS battery

i
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Smoothing wind power fluctuation

Inverter
DC/AC

Transformer

| —

1%

Turbine
i Generator ~ Rectifier
Gearbox AC/DC
——
— M\
—— —_
=<H
—
Wind U
NAS
battery

AGD_

Grid
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Wind power isn't perfect

= Wind power output varies over time; it isn’t dispatchable

= Wind power is location-dependent (rural vs. urban where
It IS needed most)

= Wind power is transmission-dependent for tie-in to the
grid

= Wind power has environmental impacts (low freq. noise)

= Wind power can only meet part of the electrical load

rfi:BA System Design Laboratory, Chiba University
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