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1. PERMRELZREEFMIERITE

Wind power development and grid integration status in China
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1.1 hEHREELRIERLNE -
I Wind power development status A
I.___

4 2002 2003 2004 2005 2006 2007

FESRERRIES

356,570 | 391,410 | 440,000 | 500,000 | 600,000 | 713,290
Total Power (MW)

PENBRENSE
Total wind power (MW)

445.0 568.4 763.8 1260.0 2560.0 6050

= B9 X B 22401 EL A5

. i 0.125 0.145 0.174 0.25 0.43 0.84
Wind power proportion (%)
HAEAXNEDENEE
Global Total Wind Power 31,000 40,300 47,317 59,004 73,904 93,849
(MW)

P E R EEIE LT
Wind power installed capacity in China
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1.1 RERRELRIERTE A
I Wind power development status A
I.___

o 2007FJK, HKENXHEIEZF SEI1A6050MW.

> By the end of 2007, the total install capacity of wind power reaches 6050MW.
o X HEHIZ 1581

> Wind farms 158
o MEHH 64695

> Wind turbines 6469

o NXEHEEF BH: 50~60F%K

> Wind turbine manufacturers 50 ~ 60




1.1 PEMKBEARIERTE .
Wind power development status A
Il.'__
e XZIE Wind resource
> FRib#X, FEEHX, LXK
FEAABREREREREE.

> Northeast, Northwest and North

China areas are with rich wind

o EI[FIR Power grid condition
> MZIBREFEER=Jbith X" B WA
;‘ 3] » \—_;‘_ﬁ\-';- l\\o
H55, XMEBIEZEAFHL B A

» Power grid is weak in 3N areas, Wind resource distribution

wind power is far away from load

center.
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1.2 PENBFHMIEFR
I Wind power grid integration status
I.___

o HMNXHMEZHAREMNELG (Z100MW) EAN220kVEZEFSHEE
KBV,

> More large scale wind farms (= 100MW) are connected into 220kV

transmission network even higher voltage level transmission network.

e BATREXEZEM FHFRXEEZEH

> 1000MW wind power base, 10 GW wind power base
® &%#%l T . E_iﬁk%i‘ﬁjn Eﬁ)\k EE'W ©

» Characteristics: Constructing large wind power base, connecting into

large power grid with higher voltage level.
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1.2 RERXEBFHFMIFR |
Wind power grid integration status A
o —
JX\ B, FF P 5 >k Y [a)

> Issues caused by wind power grid integration

o /NHEREIEN small scale
> HBERE power quality
> H[E[@E  Voltage issue

o XHIEXEIZEAN large scale
> HBEBE  Voltage issue
> TAEMEIE  Stability issue

\— /=

> RGiEiTE5®FE  Power system reserve and operation

RN e e 1R TS
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1.3 XM EEEZENEMIAFAREE T
Changes of Perception of wind power grid integration A

e #IHH: Atthe very beginning stage
> XU 4R/ X B 17 A ged= il
> Wind farm/wind turbine uncontrollable
> TERAE
> Un-dispatchable

> R MIREM

> Deteriorate the power grid stability

> FHEREZMAE

> Seriously influence the power quality

N th E B H R bR
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1.3 Xoh/RLEL % L3R\ B R A B B 2 |

I Changes of Perception of wind power grid integration
I.___

e ZFI: Nowadays
> KU LE/X B 17 ] LA &)
> Wind farm/wind turbine  controllable

> X EE ER RE 152 i PR

> Improving the stability by active power and reactive power control of

wind farm and by wind turbine LVRT capability
> HEERE: BERIFATYNE: BEAREFERR-.

> Improving the voltage variation and flicker, harmonics need more

attention
> RUEINEREMM L RiES

> Wind power forecasting technology benefit for the system operation
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2. RIAEX N B W T R AT K (9] @

Technical issues caused by large scale wind power integration
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2.1 MUERIEN M HY & o] j !
Voltage issue caused by wind power
Jry

o HITHXEINFRTALIIEREEMNLIER] LUHEZBTEE A

> Voltage variation caused by wind power injection must be in the

acceptable zone

o HERFEURT Voltage variation depends on

> KEBINE generated power
% ESSE power factor
> MR network R-X

o RHI|EMIIHEERREZHNEBFRITINBEERFIERE-

» Voltage issue caused by wind power mainly depends on the voltage-

reactive power characteristics of wind power.
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JXLEE F22 A\ 3o BB, ) B, [ 2
Impact on VVoltage of wind power integration
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XUER3E N\ Xt BE ) B [ 2 i

Impact on VVoltage of wind power integration
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Large wind power integration impact on voltage in Gansu Province

ETANw1260MW
Wind power in Yumen 1260MW

L HRRmTs0L RA
~~ Planning 750kV grid
~ configuration of Gansu

58 R %, 2100MW
Wind power in Anxi 2100MW
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Large wind power integration impact on voltage in Gansu Province -
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*ﬂ@ﬂﬁﬁkﬁﬁnHWEWMEi%E*u
MK, FAERBESEIARIEREITEIERIEIT!

[ -

Severe voltage impact on Gansu power
grid by large scale wind power integration,
more voltage control measures need to be
add.
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2.1 RUELIEN FE W AY B (8] B -
Voltage issue caused by wind power [
oy e

FE, X A] 5% FH Y BB, IR 42 1 T B
> Voltage regulation in grid side

=

o TWITSINT
» Controllable high voltage reactor
o HREXIMERUDESIEE, BINMEREN
» TCSC (Thyristor controlled series capacitor)

» To reduce the electrical distance and increase power the transportation

capability.

N thE SRR
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2.1 RUELIEN FE W AY B (8] B -
Voltage issue caused by wind power [

X IR KA TR MES BRI F B
> Voltage regulation in wind farm side
o VIR AZRAE
» Switched shunt capacitor banks
o FhIFTINFMEERTFRILEWMERS
> SVCor STATCOM

o RUFEHLASFH FLTEk A Ik = SR %

> Wind turbines with Q control

\: 7
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22 REIZEAS|R2HoReE A !
Stability issue caused by wind power integration

=

XU BB HL£E B (K BB BF i gE 7
LVRT Capability of Wind Turbine

= H BT B 3 E o) /1 P 3R 18 IR R BY
IS required urgently to solve the instability
problem caused by wind power

R E RS i 5B
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22 REIEAS|RRHREEAH !
Stability issue caused by wind power integration

II.__

o [KEBIEZF#M  (LVRT: Low Voltage Ride Through)

> B EPE 5] B R BLE, XUEEIATE W & L SRR
REFEfR, REFAERTFH Mz ITRIEE J18EFRA K
B IA R R B [k ZF i EE 7] -

» The capability of wind turbine to maintain
continuous online operation during and after the

grid fault which will cause voltage dip.

_ B R F R
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2.2 KUEEIEANG|HERIIEE 6] jE {
Stability issue caused by wind power integration |
e
o HTHKENEFNEFRKEEFHRENSBHHTERMNEYINGER, EF
EEMREMEEILENBHEHREIREZ. HRLZHEP HKAKRFHE
. TER=ZWUKBIGEEE T
e When wind turbines don’t have LVRT capability, wind farms may trip if
grid fault occurs. Such contingency has ever happened in many
provincial power grid, such as Jilin, Gansu and Ningxia.
> BRiEN, AREETE
> A L InER A XU BB T

> RERBYIRSHAINRE, SHERFMERR. FRXTEEER. 7
sBZBEISIOIR.

N e E B SRS
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2.2 XEBIEN|EAEEE o)
Stability issue caused by wind power integration
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2.3 Rzt E R MR RRIR 7T 5 -
Corresponding solutions i

2 I —
I o FEMIMERE NS HBEEM
Power grid transmission capability and voltage issues
v BRRAE: MNSRE M5 X Ei5 B EES
Solution: Enhance voltage control of power grid and wind farm
o HEME5XBEIZITHIIEE o)L
Stability issue of power grid and wind farms
v FRREE. REGREEEZH, 18558 NS EEHFiE

Solution: Require wind farms with LVRT capability to enhance stability
control of power grid.

R B DR 5T
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2.3 [SEx X B 5 M B R R 7 B L
Corresponding solutions i
Il.'__
FE B S = (8]
Power quality issue
RRAE: MEBERENNFE, MANSHEH
Solution: Strengthen monitor measures of power quality.

Use improved technology.

B ARG E 5 o) R
Dispatching and peak-load regulation issues of power system
FRRAE: MR BINRN, HEBIREWE
Solution: Strengthen wind power forecasting measures.

Improve power generation mix.
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3. RUEIFEN B ) RERA M ELEIT
Grid code upgrading
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3. RAMmAFBARENAE 4
Content of grid code A

II.__

o NMAARKRAM/ILNEREGEATERXBIHHMZAME

These countries with rapid development of wind power all have

relatively perfect grid code.

> F+Z Denmark: wind turbine generators connected to network with
voltage levels above/below 100kV, 2004.05

> {Z[EGermany: Grid Code for High and Extra High voltage, 2003
> ZE[EAmerica: AWEA Grid Code, 2004.05

> Z/R=Ireland: Wind Farm Power Station Grid Code Provisions

ECTRIC POWER RESEARCH INSTITUTE



3. REBHMIEAMTEHAE {
Content of grid code o
Il.'__
o —HEERFMLUAT/LNAEIEL TEXK:
Key items of grid code
1. BINThEREEHIZEK
Requirement of active power control
2. RUNERETEERBEEFIZEXK
Requirement of reactive power capacity and voltage control
3. {REE[EZFi#aE HHIZK
Requirement on LVRT capability
4. REBHEMBE. MEXRIETEITERE
Wind turbine voltage and frequency duration under normal
operation

LR ETE
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3. R M ARENAE |

I Content of grid code A
I.___

o —MRENKIATILNAHEEL TE2XK:
Key items of grid code
5. SCADARGZ5BIEIE
Requirement on SCADA and communication signal

6. X EIZHHEEEREIEIR
Power guality index of wind farm

7. JXUER 37 s Y 220K
Requirement on wind farm test
8. XEREIKSHENK

Requirement on wind turbine modeling and parameter

EI B ORI FH AR
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3. REFHPEAREHHE :
I Content of grid code |
l.'__

+ XEBEIZBININZE Active power of wind farm

EFERT, REBIANREEWIEEERTRE S KIZH|H
MY BTN
Wind farm should control active power output according to the order
of TSO under the following situations.
1. EEHﬁﬁz[‘%‘iﬁﬁﬂiﬁﬁﬁ‘ﬁ%‘eﬁiﬁﬂﬁﬁﬂEE%’(E‘JHJW%, AR L %6y BB 2k
. TESEAEEE, RIRBHREREMNE;

Power system meets a fault or operates at special mode, which requires
wind farm reduce active power output to prevent transmission lines and
transformers from overloading and to ensure the stability of power

system.

hlﬁﬁﬁﬂ%ﬁﬁ
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3. REAHAEARENRE |

Content of grid code
I.___

+ XEEIZBIITIZE Active power of wind farm

2. SHEBMMERISH, MREMNFMB FAMENRE, FTEREEX
BIZENINER, FEFLTEVIRENXELS,
When frequency of power system is too high, while the frequency
regulation capability of conventional power plants is not sufficient, it’s

required that wind farm reduce active power output, even cut out the
whole wind farm,

 E@ﬁﬂ%ﬁ%M
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3. REZFMEAXRENAE y
Content of grid code |

I.__

+ XLEEIZAETITNE Active power of wind farm

o FAMETHERGHFEIminIRLUREONinIRZTER, BARERNSR
T
Maximum power ramp rates contain 1min maximum power ramp rate and

10 min maximum power ramp rate. The recommendation values are
listed in the following table.

R RAEEMW) | 10ming K Z L E(MW) | Imingk X & & (MW)
Installed capacity of wind | 10 min maximum power | 1 min maximum power
power in MW ramp rate in MW ramp rate in MW
<30 20 6
30-150 ENAEILS KNEE/S
Installed capacity/1.5 Installed capacity/5
>150 100 30
N Y .
. \ | ] b =4 oI ==
B HEE OEF R
PORK CTRIC POWER RESEARCH INSTITUTE
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3.

M IHHF M ARAERI AR

Content of grid code

II._

+

1.

.ﬁ_ﬂna

‘Rpoy

o7 >
adl -

XU B 1% eI R Reactive power (Q) of wind farm

SXBEHEEITEARNMEINERN, XBIENTIEERELT L
SEEE R 7E —0.95~+0.95Z [8].,

The power factor of wind turbine should be maintained within -0.95 to
+0.95.

M%%bﬁf&ﬂﬁﬁFﬁT,ﬁﬁfﬂ%%ﬂrﬁ*rw<#ﬂﬁ>
{RIEEE AN X, E2 1% B Th 2 & 276 -0.97 ~ +0.975E Bl A 1R 12 7% 42 7] 3 AY &
B, MRIERBIZESERFEHEF R B ATREREZEEK
THEBENSE;

It’s required that wind farm power factor of high voltage side of step-up
transformer could provide the capability in the range of -0.97 to +0.97, to
make sure that wind farm have sufficient reactive power to regulate voltage
back to normal value when power system fault occurs.

E B H R FH AR
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3. REBIZFMEARENANE A
Content of grid code A

I.__

+ M EIZTLINTIE Reactive power (Q) of wind farm

3. MEZHXBIEEEXNNAZBHEMNBIZFNLNMERE. &t
MEFSFRARNANZBHAR TS EREATIEE
Reactive power compensation devices contain wind turbine and reactive
power compensation equipments of wind farm. Reactive power of wind
turbine and its regulation capability should be fully used firstly.

 E@ﬁﬂ%ﬁ%M
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3. R M ARENAE |

Content of grid code A

+ LVRT capability

1.2

S I 2 T
FEALZGREI | // ffffffffffffffffffffffffffffff
meymery AL, 200( ¢V
ER AT A XA % “0T SRR PLALR I 17
ReyH#mener .0 | 2
BEN, AT EE e L~ RO
BRETCE AN, KE o |
¥y i SRARIE Ak 4% R 1] " T : : 4
7 89 3 ) 3% SR AT s

E: R HWEQEAER T OEBEREA L, RRALE LR
AARIER A Wi MIEATE 48 75 /B b o RS ARKA TR,
R, AULE AT AN L 4 o
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3. R M ARENAE |

Content of grid code

II.__

R FLH £01/IR L3 3 I A 7 A i
Wind turbine/wind farm grid compliance testing

s HAEREGS, HERIES

Active power control, power ramp rate, etc.

T e B Bdz 4| Ak

Reactive power range and regulation capability
o K9 EFAMAE S LVRT

« W /ET ) Voltage variation

W& Flicker

< PI% Harmonics

)
A X4

X/
0’0

{E@ﬁﬂ%ﬁﬁh
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3. MEZHFAMBEARENAS 1

Content of grid code

II._

o EARAAFERMXBEFIFMSNATEMERE, BEpziAX B IE

B—ERNFIEH . ID/BEEFIRNLRMEEZFEESN, FHXE
HAZRGBENNELAERENENIELD TIREAIME, FEX
KEIZREERER. BTSN RE-
Content of grid code in different countries may be different, but each of
them all require that wind farm should have capability in active power
control, reactive power/ voltage control and LVRT. The capability of
wind farm to endure the tolerance of voltage and frequency is also
required, also the model information, operation parameters and
performance testing report.
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4. 518

Conclusion
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4. Z5i1E
~ Conclusion
I
h.- kﬂﬁﬂ%ﬁAﬂ%ﬁ%W%E FREM. BEERENLIS
c-AF
The grid integration of large scale wind power may impact power gird
voltage, stability, power quality, dispatch and operation.

o EIRMIE S AR ARG E R LABE (R K RUAR X AR 5 A\ X il ) R A< 7]
2, UWRIEEENERBEEANNBEIENRENRERTEE
17;

.

1T

gk
(o

By using appropriate solutions, impact of large scale wind power on
power system may be mitigated, maintaining the whole power system
Including wind farms security and stability.

N e E B SRS
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4. it 1

Conclusion
o, —

o FFMFARFERSIE R X EHLA/NBIZFTES MK SR IEX B
ANEMZ EBITHERFE:
Grid code formulation and wind turbine/ wind farms test are effective
ways to ensure the security of power system with integration of wind

power.

o NNSEXMEFMAIIFR, FHIEFRKMERBRENRFEREFR
IEITIE)BLER BB SRR AR FE T
Increasing emphasis on wind power gird integration research, and put
forward more effective solutions to power system operation problems
caused by large scale wind power grid integration.

RN e R SR
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Thank you !
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