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® Bulk Wind Power Base (FFFEZR/NBEM )

Resource(Z/R)
® Exploitable capacity: 2500GW
(AR ETFEARE25GW)
® 80% of the wind resour
concentrated in north, northeast, gz 1
and northwest of c

80U (T FFt. SRR e T PN s

j

1.1 Developing Mode of Wind Power Q\)\é

Development Plan(FL#E!) :
® Up to 100GW at 2015 and 200GW at 2020. }

20154F1 (2 F A , 20202 {2 F R, NS 4
® Nine 10GW wind bases, covers 80% of the total capacity. - l;*}
INFETFEREMBEN , GEHF=HB0Y% ——
® 30GW are off-shore. (H#% £/X]FE3000,5F ) = <
chEENRISETHRER
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1.1 Developing Mode of Wind Power =
REEFF 1S (& ExREM
® Bulk Wind Power Base (FFFFEZENKBEH )
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® Several wind farm connected collection substation, Wind power are transferred

through UHV or EHV.
Zilh , B/ I B E
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ReEFEE & FXE0

® Large Scale Wind Farm (XHI#E /X EB17)

y ...
°r?jwﬁ Power Grid RRNNNAN
17.0K% ; .

4 371 Step-up ()
transformer’
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1.1 Developing Mode of Wind Power i, E 5

High voita usbhar

® Each wind farm 50-200MW ( SB4NKEB152&4/150-200MW )
® Connected to the grid through 110-220kV line ( #81F110-220kVZEEEENBM )

® Electricity are consumed inside a province (Eﬂ_&E§£§g£ﬂ“ﬂ%ﬁ
-",'-
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1.1 Developing Mode of Wind Power
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® Distributed Wind Farm (5=l /X 8)
T _EOKV
-
+5100%4

690V 690V 690V 690V
| | | | ‘

35KV | 35KV 35KV 35KV 35KV 110kV

® Connected to local substation through 10-35kV line, long distance power

transfer is not necessary. (10-35kV#EA , X ETIEEE4)

® Total installation capacity is normally less than 20MW at single PCC.
(ENEASFBFE—RAEEL0MW)
® Covers a relatively small part of wind power in china.( ZEEFEXTE L)

P B B ) FH S 5 5EPe
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1.2 Wind Turbines in China aﬁ)% EREH
rRERIXEEHE "N/ STATE GRID

® Three Types of Wind Turbine (=S EZEHIHILE2EE)

Fixed Pitch Induction Wind Generator

ERIEXEEF LB MBI

Type |
Squirrel cage

iInduction generator Transformer

— _@Q' (() —arid

Gear box K-_T

Reactive power
compensator

Early Type, rarely seen in new installed wind turbines, but still in operation.

(B, CFmRHITY , (BIEE &5 7E)

* Less than IMW. (B#I&ELIMWLLF)
hEE NFEFH R
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1.2 Wind Turbines in China T i
FERI X EBHHE 9 2 i@.

N/’ STATE GRID
® Three Types of Wind Turbine (=S EZEHIHILE2EE)

Doubly Feed Asynchronous Induction Generator (DFIG/DFAG)
TRIEN R 2L /N )0 &2 BT A

Type 1
Wound rotor

induction generator Transformer

B Q— Grid
=

Back-to-Back IGBT
Power converter

)

« Main Type, covers about 75% of new installed wind turbines.

FiatlZ , ARTEVIZERS% AR

Gear box

* 1.5MW and above. (2#]Z&E1.5MW RL{L).
o & B ) FL S 72 B
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1.2 WInd Turbines in China a®s eI
FREIRYRIEB A "N/ STATE GRID

® Three Types of Wind Turbine (=S EZEHIHILE2EE)

Permanent Magnet Synchronous Generator(PMSG) with Full rated Converter

KREAEIBITELMBYIA ( £2YVEZ iws )

Synchronous Type IV
or induction Back-to-Back IGBT
— e generator Power converter Transformer

] |
— 7 | Z ﬁ@__kand
i+ O ——C

PPN |
Gear box(Optional) \

Peirmanent Magnet

« Main Type, covers about 25% of new installed wind turbines.

FiatlZ , LI RS% G
* 1.5MW and above. (2#]Z&E1.5MW RL{L).
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B \\Vind Power in China
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B Study on Grid Integration of Wind Power
REBFHRITHST
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2.1 Two Types of Grid-integration Stu
PRFRSS BRI FHMITH ST em S.T“%E%lg)

® Special Study on Wind Farm Grid Integration
(MBIGIHEN B F 0 S8 %)

Done while wind farm is planning

LEXIEB R BRI R T

Help to Design the grid-integrated system of wind farm

TSN BTG FHIR AR LT
® Analysis of Large Scale Wind Power Trip-off

(MBI E AL HT)

Analysis the procedure of wind power trip-off and find the reason.

D HTINEBA IR P FE N R LHIRIET
Bring out suggestion to improve the stability of the grid with high

penetration wind power

TR TH N BIEN R TR E (EHTENE

P B B ) FH S 5 5EPe
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2.2 Special Study on Wind Farm Grid

Oria
RUEIHE A B RS S BIRE

STATE GRID

K
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® Contents (EZAZ)

~ > Analysis of Wind Resource (MgEEELHT

> Load Flow and Reactive Power Study (B fIEL/EE %)
< > Short Circuit Current Analysis (258 52H7)
> Study on Transient Stability (EZSEESTD

\_ > Study on Power Quality Problem (BBEE/FE =55 HT

P B B ) FH S 5 5EPe
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2.2 Special Study on Wind Farm Grid, W
MBIz ANBORRERHAR ©

® Analysis of Wind Resource (MEEZERHTD
Goals(Gm

Calculate the probability distribution of power output and power ramp of
the wind farm according to measured wind resource data

IRIESCIXEZE , 1T BB LI REE IR

*Analysis the relationship between local load and wind power output
according to local load characteristic

IRIEFBIIFIR 2 , o HTIXFELG L 77 SHTEREIX T fax
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2.2 Special Study on Wind
MEBIZEANBNRREER

—arm Grid

OIaRRs )

P

=3

R STATE GRID

® Analysis of Wind Resource (MEEZERHTD

Data Requirement(ZEEK)

«Measured wind resource data(more than 1 year) M EEHER L —F)

Data about the wind farm. X BIFZEG#IE
Power curve of wind turbines to be installed( M BHILELIZEEIFLHIZE)

50 40 30 =20 A0 0 1 20 3 4 0
REFANHEE B D)
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2.2 Special Study on Wind Farm Grid
=23

Integrat
REBHHHE A DR S S (O BRER

NS’ STATE GRID

-

® Load Flow and Reactive Power Study (L HIHR)
Goals(G#n)

Evaluate the impact on system load flow and voltage level.
VHE M BBLIZIEA IEXTRB 7m0 .  FoHIRBIEIKFHIZ .
*Give suggestions of voltage regulation and var compensation of the wind

farm and grid. 285N B1IGHI R Fe B EVTZEFHI T IFMEEIN
Data Requirement TR

H70(%) ,
ic ari KB | 170kVEHEN)
Static grid data - /7_0 5/1/ : ffﬁo&ﬂ/
BEF S 0 e -
Typical system operation scenario zg 22? 8;411
Y2 gFen= = 1 _
BRERE S 0 [ s o
50 -2.71 -1.48
60 -3.64 -2.63
70 -4.74 -4.00
80 -6.02 -5.60
90 -7.49 -7.42
100 -9.16 -9.49
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2.2 Special Study on Wind Farm Grid jniteqg i
i g el

STATE GRID

MEBIZEANBNRAETH

® Study on Short Circuit Current ($2E587115)

Goals(Afm

Analysis short circuit current output of the wind farm and its impact on

short circuit level of the local power system.

zfﬁﬂ%fﬁﬂfﬂiﬁ@wi‘ﬂ#‘*/f BHTIXBLGIEA IGXIFT XL B ]

A B KPR,
Data Requirement (ﬂﬁ-’ﬁf)

Statlc grid data
PN

Short circuit character of wind turbines

llllll

REBHEATIS I E '

Short circuit character of generators ]
of the power system

FRRBUEEEBTIGIE

: T | | % 1 [ : !
E’I;j g ["Q“‘ o
P B B ) FH S 5 5EPe
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2.2 Special Study on Wind Farm Grid,

an
RUEIHE A B RS S {BERum

STATE GRID

® Study on Transient Stability (EZSEESTD
Goals(Gm

Evaluate the impact to power system transient stability of the wind farm

AN BBLBIEN IEXTB M EZS iézE/f 1=,
Data Requirement ( Z{#57%

Static grid data
P EAE ‘I
System dynamic model and par
FRRTIREHSE
- Models and parameters of WTG
MBHIAIRE IS
- Typical fault type
HENET T

0 2. - . 118 L L L L L
————— A©°Pli-guc3110kVA iR: AlapgREE puE© 0 1 2. 3. 4. [s] 5.
i (xE»QTEA R: Alay "PUEO e A©°Pi-gUg»Uxé: X3EUE PUEO

PEEIFEHRER
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2.2 Special Study on Wind Farm Gridé,gie;§
KEBIZEANBDRAEERAR e

® Study on Harmonics (FBEFE/AEIHEHTER)
Goals (8w

Calculate the voltage harmonic distortion of PCC considering harmonic
current injection from wind farm

gﬁ&%ﬁ#@#&fﬂgzﬁf;ﬁﬁﬁix\ﬁ , iTEMBIFIEA FRIBIEIE

RT3 ;

Data Requirement ( ##EZEK )

- Static grid data
BIEF SR |
Data of the collection system of the wind farm
MEBLGERBFREL
Harmonic test data of WTGs
I RBHIAEIE B il 0 -

200 500 800 MO0 140 1TO 200 230 [
B R SRMER B TR

=
[

________________________________
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2.3 Analysis of Large Scale Wind Power= »{i@:ﬁ
KEB SRR S o 4 %;ﬁ &m;ggl

® Goals ( Gfr)

» Analysis the procedure of wind power trip-off.

D VTIXEBA IR T E N R LATIIFE

» Reappear the procedure by simulation and find the reason.
BT B BIIEN R LA FEH D TS E AR A

« Bring out suggestion to improve the stability of the grid with high
penetration wind power

PRI BIEN RTtS E A
® Datarequirement (Z#HEZEK )

« System operation scenario before and after accident.
AERFBETE] TR

« Fault data from PMU and fault recorder
FEPMU BLAIER R N AP

* Model of WTGs especial LVRT character

MEBEYIZERE , 155:ELNVRT 5L
P B B ) FH S 5 5EPe
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2.3 Analysis of Large Scale Wind Pow
B KRR RIS 4

® Record data of wind farm A from a trip off Accident

(RFHNFMBIGA R

W 1R A8 1-08 18- A B ERE: XAIHE - 2011711716 22:22:44.460 , YAAVRE - 224.0¢

B ExRam

STATE GRID

The WTGs of wind farm A don*t

T e have the ability of FRT and trip
1 \ off because of under voltage

2224 500 2222:45.000 22245 50 222:45.000 p rotection when fault occurs.

W R B1-051E-AERTIEIE: XAHHE - 2011/11/16 22:22:44 460, VAPHE - 219.9¢

5 ?EE 3— IZMBIGHI A4 B XIESFEEE
— l 0, IER LT TR

22:22:44.500 22:22:45.000 22:22:45500 22:22:46.000
B 58] -08128-BThThEE : XHHE - 2011711716 22:22:44 460 , VIH{E - 85.4: lﬁﬂ

B3h:
MW
- hpop
1
4
b
1
i

1 | I
22:22:48 500 22:22:45.000 22:22:45500 22:22:46.000
W BN 8| -0B1UER-EThThE:: XA - 2011111716 2222:44.460 , VA4(8 - -12.45

At

Eh
MV
[ oy —
|
_ f

| | |
22:22:44 500 22:22:45.000 22:22:45 500 22:22:46.000 “ M
S EEDEFHERR
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2.3 Analysis of Large Scale Wind Power= »{i@:ﬁ
XUEB K HIE AR P& ot ?‘gﬁ STATE%&

® Record data of wind farm B from a trip off Accident

(RFHNFMBITB RiBaH)

B EBRLARNSNEELERE: X2HE - 01111716 22244220, Y&H

Some WTGs of wind farm B don*t

300 +

250 L. .
$% 1% have the ability of LVRT and trip

0 3 .

o off because of under voltage

22244 400 22244 800 22244800 222245000 prOteCtIOn When .I:ault OCCUFS
SRR 0, e 02 28 A AR B FIIRHE : XALHRAE - 2011711716 22:22:44.520 , YAMHHE - 2979 ag =

e Some WTGs have the ability of
Ch %H e , LVRT but trip off because of over

22:22::14.400 I 22:22:2&600 l 22:22:114.800 ' 22:22:115.000 VO Itage prOteCti On When fau It

I B LL e OR B2 SIS : KAMGE - 2011111716 22.22:44.520, YAA4RME - -0.5¢ C I e a r e d

" ﬁ | RS IAFEENES

| HEt, HEE LRI TFIEER

I SRS LS OSSO KA — 201111116 222044520, YALPRAE — -1221 f/ﬂ/ﬁlﬁfm gﬁﬁﬂﬁﬂﬁﬁgﬁ

ot 1] = BESHEES | (BEEAEEE
N R~ £ 2=z 5 7

22:22:44.400 222244 600 222244800 22:22:45.000
o 3} S5 95 Pt
B EE
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2.3 Analysis of Large Scale Wind Pow

M EB XHUHRAR RIS S Dt

e@f 'REpR e

STATE GRID

® Record data of wind farm C from a trip off Accident

(R FHNFMBIGC RiBaHE)

W EERS- 0D S IBBFESE:: XALHE - 2011/11/16 222245030, VAAHRE - 55.6¢

B

N\w

£
22:22:44 400
N EFERSE- SRR AT XLRE - 2011/11/16 222245080, YAHHE — 2138

T T
22:22:44 600 22:

T T T T 1
22:44800 22:22:45000  22:22:45.200

o388 EE
laabiabad daad

=
22:22:44 400

T T
22:22:44800 22

| 1 I T T T
22:44800 22:22:45000  22:22:45.200

B RFARIIR0BHRERA XAHE - NN 224450, YAHE .. 25330

T
2224.40|

W EFR SIS ES EHHE

T
RR450

T 1 T 1 1 1 T |
212244800 2224500 L0450 R2245400

XRHE — 2011711716 2222:44 520, Y4 ME - -10.0¢

—n

| ‘,._/'4 A NA

T e A

The WTGs of wind farm C have
the ability of LVRT and didn’t trip
off when fault occurs. But some
WTGs trip off because of over
voltage protection when fault
cleared.

MEBLCHIZBRENTFE/IESFHEE
70, BIERERIREN , (815
BB BN IE S5/ T 58
FELRIF T

P B B ) FH S 5 5EPe
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2.3 Analysis of Large Scale Wind Pow
B KRR RIS 4

® LVRT Character of WTG(MBHILAIFRBEFEEIFIE)

(3! MR

N/ STATE GRID

\ —— UcalRMS \ \ ——— PIRMS

kV 1076
35 1.5+
30
95 1.0

20 —
5 0.5

10

0.0~
\ \ \ \ \ \
3.5 4.0 4.5 5.0 5.5 6.0 3.5 4.0 4.5 5.0 5.5 6.0

— QIRMS

1073
300 —
200
100

-100

200 LVRT Test Data of WTG Type A

3.5 4.0 4.5 5.0 5.5 6.0

o B B 7) Bl S 8 5P
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2.3 Analysis of Large Scale Wind Pow
B KRR RIS 4

® LVRT Character of WTG(MBHILAIFRBEFEEIFIE)

(3! MR

N/ STATE GRID

[ UealRiis [ s
kV 1076
35 1.5
30
257 1.0
20
15 -
0.5
10 -
I I I I
12.0 12.5 13.0 13.5 ! ! ! !
12.0 12.5 13.0 13.5
—— QIRMS
1073
500 —
O 1
500 - LVRT Test Data of WTG Type B
| | | |
12.0 12.5 13.0 13.5
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2.3 Analysis of Large Scale Wind Pow
B KRR RIS 4

® LVRT Character of WTG(MBHILAIFRBEFEEIFIE)

1 1 IEP e

N/ STATE GRID

| — UcalRiS || — PR
kv 10°6
35 1.6
30 1.4
25 1.2
20 1.0
15 0.8 —
10 0.6 —
| | |
3.0 3.5 4.0 3.‘0 3.‘5 4.‘0
S s
— QIRMS
10°3
O |
200 —
400 —
600 - LVRT Test Data of WTG Type C
| | |
3.0 3.5 4.0
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® Simulation of the Accident(ZFEA¢{FE)

2.3 Analysis of Large Scale Wind Pow
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M EB XHUHRAR RIS S Dt

® Simulation of the Accident(ZFEA¢{FE)

2.3 Analysis of Large Scale Wind Powe:
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2.3 Analysis of Large Scale Wind Power
B KRR RIS 4

® Simulation of the Accident(%

W FRAS00R20-BHBEEE: X84FE - 2012

KV
S888E8
B PPN PP PP P Fev

I I
13:34:05.000 13:34:05.500

B EERGOBEE- TS XA FE - 2012

100 5
=
60
= 10 |
20 ===
0 p— —
-20
I 1
13:34:05.000 13:34:05.
W EERA D 0FHEE-THHE --- 201210
e
b 23 : Jii \\. T e : . Y61 og3i220KVA iR: BiapcRi(pu)
.40 -E \ .""/ —
-60 =
| | | |
13:34:05.000 13:34:05.500 13:34:06.000 13:34:06.500

CHINA ELECTRIC POWER RESEARCH INSTITUTE



Content (H =)

B \\Vind Power in China
HE X B 15

B Study on Grid Integration of Wind Power
KB FHRIGHFE

{l Models and Tools for Grid integration study}

REFHRARIRES TR

B Problem and Suggested Improvement
KEBHMFARBAESeH

hEBNBIFHRE

RIC POW



3.1 Tools for Grid-Integration Study of %nm
KEBFHRAREETH W' STATE Gl@)

® Three main analyssis tools in china for wind power
Integration Study

BE=1EFMREBHMHA 7 EETLR

~ » PSASP (B ER SRS TESF)

< » PSD Tools (PSD BB EZ L)

- » DIgSILENT PowerFactory

—

', %
o E B SF R
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3.1 Tools for Grid-Integration Study of

NG R

KEHMARHNEETH "' STATE GRID
® Power System AnaIyS|s Software Package PSASP
| | [of]

> Acomposﬂed tool for power system 133 lA"I'I- i
analysis, developed by China EPRI. BE =
GEMEDREDYINE, HFEEDR [ | L |EL

_l.

ZHE R,

» Widely used in Power System Analysis i “' l i | | |
TS FH BRI AT I | B
» Several models of wind turbines are el

internal included, and user defined model
IS supported.

RIE T =% FJH@M%Q%E_@ , BEHF
HEXRZERIEE




3.1 Tools for Grid-Integration Study of gnm
REBHMiARREEZET R NS STATE Gl@)

O PSD(Power System Department) Tools

"“!“"”‘0-"-009195“ L) v BB TS E
T HASIBW RANTIOND2SE, 29 -, 0087

» Another composﬂed tool for power system |[sawm

anl«

analysis, developed by China EPRI based | &«
on BPA program. .}

CEBBLFRAGIL, HHEEIF fEe . |

ES R TBPAFE, Pl A—

N oo enes s T S

» Widely used in Power System Analysis in , — —
China . —y

L F R RS R e

2 RMSHOTH . HRLPTH
oRaREr WY [ R G L]
G LY EIRE

» Several models of wind turbines are e
internal included, user defined model is i s
not supported. | —

DRI

RET, %ﬁ*@ﬂ@ﬁlfﬁfﬁﬁf I FFH s L m mune

MW

FIEE ERRR e e
e NHETRR
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3.1 Tools for Grid-Integration Study of

MEHMHAFTIHEEZTH

%M

® PowerFactory, (DIQSLIENT GmbH, Germany)

> Worldwide used composited platform for power
system analysis and research.

1ESEREIRN 2B e EE IR T

HFFA. ‘.’_;;o'; Tt

) drm A R

> Different kinds of models for renewable generation =
such as wind turbine, PV system and energy |
storage system.
TR T EFBE R R BRI , WXE. 7t
KRB, 1BEERTZE,

» Powerful user defined model tools through DSL

BN ERUE

STATE GRID

SILEN
O

PowerFactory

Language.
ﬁﬁzzDSLGE; , L TR ITEAHIEENL R

—w f‘?’ffv

» Not compatible with data format of PSASP and

PSD Tools . Pt

SPSASPFPSD Tools Z(#ErS Tl 72
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3.2 Models of Wind Turbines {95
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® \Wind Turbine Models in PSASP and PSD-BPA
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Model for Induction Asynchronous Wind Turbine (Type )
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Just the same as conventional induction generators
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3.2 Models of Wind Turbines
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® \Wind Turbine Models in PSASP and PSD-BPA
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A Common Models for Both DFIG and PMSG (Type 111 & Typ i)
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Based on GE Wind turbine model. (ZEFGE X B#E1=2ZE) -
A controllable current source is used to model the generator and

converter. A i B YL PN L]
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The Model of PWM converter and protectlon system is simplified.
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3.2 Models of Wind Turbines 3{)\5
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® \Wind Turbine Models in PowerFactory

Model for doubly feed asynchronous induction wind turbine Generator (TYPE I111)
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* Avrelatively detailedindu ction geneﬁtor and | .
PWM model is adopted— [ =1 ”* ' oppmmen —
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3.2 Models of Wind Turbines s()\g
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® \Wind Turbine Generator Models in PowerFactory

Model for wind turbine generators with full rated converter (Type 1V)
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- The grid interface is modeled by static - .
generator, which is a common model For
generation system with power electronic =~ | —— . e s
converter grid interface. el ]
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»  The turbine and the wind are note consi &d"ﬁ*
in this model. |
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» Meet for short-term transient stability study -
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B \\Vind Power in China
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B Study on Grid Integration of Wind Power
KB FHRIGHFE

B Models and Tools for Grid integration study
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[l Problem and Suggested Improvement }

REBFRIRRIA ESTUH

hEBNBIFHRE

TRIC POWE



4 Problem and Suggested Improvemenj & E
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® About the Models of wind power(SEF/XBHFHEE )

« How to construct a suitable model for different study
PUrpose? (LIETEI XTI IGHIFFERY , 7 SISHIEZE)

* Are the current models of wind turbine correct? Or can we
model different types of wind turbine by parameter
adjustment?

%Zﬁg/ﬂ@ﬁﬂ%%‘)&ﬁ , BEBIEIT S ENH TV BE(E Z IS A S HT

« How to test or identify the model parameter of wind turbine?
(2 it MBI AR S4K)

« How to construct an aggregate model of a wind farm which

contains lots of wind turbines working at different state?
(B — TN EBH IR & FE 1R )
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4 Problem and Suggested Improvemeg&jjg EREM
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KB FRIEHFR IR B SEUH 3 STATE GRID
® About the method of grid integration study
X F M BH M TR 7%

« For planning stage grid-integration study, can we find out
potential risk such as cascaded wind turbine trip off at bulk
wind base, and electricity curtailment of a wind farm?

BEE AL BT F M5 A DB TR K E IS A ek, i %X T
FAZENBEIELIE , FTEERIFN 7

« How to evaluate the risk of voltage and frequency stability

when bulk wind power integrated, for those problems we

need perform a mid-long term study.
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