g LVRT Workshop CEPRI-GTZ-FGH, Beijing, 06-07 JAN 2009
. R H RS ST S CEPRI-GTZ-FGH, JEIX, 200941 H06-07H

.ﬁ/d':'_
FGH
=

Forschungsgemeinschaft
fiir Elektrische Anlagen
und Stromwirtschaft e.V.




L
AgendatiE
= Regulative Framework {4 R HEZE

* General Approaches for Wind Farm Conformity Testing
PR3 75 P A — M T VA
= Pars Pro Toto LA 43 A5 384k
» Simulation via validated WEC models
A o 56k I ) A F LA R A A T4
= Simulation via Validated WEC Models
A o 56 Uk T ) XA LA AR T AT 45
= Scope of simulation /j & &
= Required model characteristics 3K [ F B4 A
= Validation process % 1FFE /7
= Wind farm simulation and certification Process

UL 477 ELA IR P
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R - 4%
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.Regulative Framework for Wind Farm Conformity
Testing — Overview on Status Quo

WA & A AR RAESR- PR SRR
= Medium Voltage Directive, Germany 2008  H* & HL W HYE, 4% [E 2008

Defines requirements for wind farm certification as a prerequisite for integration to medium
voltage grid

e R BIAEZER, VRN R MY B RT3 44
= Procedure for verification validation and certification of the requirements of the

PO12.3 on the response of wind farms in the event of voltage dips (PVVC),
Spain 2006

KL 2 AIPO12.3 I MR I7p06) B S RV (PV VC) I S B DA IE 220K,
PHHLZF 2006
Defines process for wind farm conformity testing with respect to the PO 12.3 (Requirements
regarding wind power facility response to grid voltage dips)
Wi T PO 12.3 T %1 KHLIZ 75 PRl A2
(7 5 X R T Mt 6o P, Do, s S ¥ e 7 ) 25K
= Renewable Energy Law (EEG), Germany 2009
N R REVRVA(EEG), 75 [ 2009
Defines requirements for wind farm certification (new and existing projects) as a prerequisite for
renewable energy feed-in tariff and supplementary ancillary service bonus

T R GBI e 2 30 H ) IAUE 25K, 1 A 5wl P e 0L Wm0 R A B il 55 4 I 11 T
et

-
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Bl General Alternative Approaches
— AT
1. “Pars-Pro-Toto” “PL#B A0 44
= Testify conformity of single WEC types via measurement
A T 0 R A ) XU AILZH SR T B 17 5 1
=> Declare (proportionate) conformity of entire wind farm if (partially)
consisting of testified WEC types
A SR X 3 (GRS o ) B0, 25 Bk e ) XU LA 2R 28, TR 7 A XU FR,
y(H EE B ) B AT 51
(applied in EEG for existing installations; option in PVVC)
G TEEGH HIHLAF Bits PVVCHTHT R )

/"/" § . \\
// “/L\" & : : ' \\
/ _ _ /k N \
r NS ey . :
! — L @ | =* 75% conformity of wind farm
S A o B/ NI T5% 7T &1k
\\ wind farm ,L 7
s sy s
S o ~—_ " - o
NP N v T

-
=
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Bl General Alternative Approaches
— AT
1. “Pars-Pro-Toto”  “DAfBorAQ 38 {4
=  Testify conformity of single WEC types via measurement
AR T 900 6 ) XU BILZH SR AR R 155 1
=¥ Declare (proportionate) conformity of entire wind farm if (partially)
consisting of testified WEC types
IR XCH B (GBS ) B 5 Bk T ) XU LA SR 7R, R 7S A XL 3
(LB AT & 1
(applied in EEG for existing installations; option in PVVC)
(&M FEEGH I BLAF Bt ; PVVCH [ Al IE 50
2. Simulation via WEC models Eid X FEHIAER BT E
= Testify conformity of single WEC types via measurement
A T 00 2 3 A ) RO AL SR T ) 75 1
= Validate simulation models of these WEC types
6% UF 3K 8 JX\ FAL AL ZH 2R 28 () 47 B A Y
=¥ Test conformity via comprehensive wind farm simulation
A 34 T ER DR L 7 ) LA 56 5T 5 2
(applied in German Medium Voltage Directive; option in PVVC)
CAEAE ] v s FL M RYG A N s PVVCH B TIE )

_—
m
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Bl General approaches — Comparison

— iy - Lo

Pars Pro Toto LA# /- 44k

* Low effort since based on single
WECs’ conformity
2 1 5 5 XU LZH ) — S0P
o1 T SEH

== Most suitable for “mixed” wind farms,
consisting of different types of WECs
i ) A F AN [ RS B R ZH 20
IR E A KL

— Approach is fully neglecting dynamical
feedbacks between WECs and other
assets in the wind farm
S v e 4 2R X L 37 v KU R
AN P 2 TR ) B 78 e

— the evidence of the farm’s conformity
can not be testified in terms of the
entity’s response to failures
X AL ) AR Jse . 77 THT AN e U HH X
IR &1

Simulation via validated WEC models

A T A T o ) XL A AL A T

4+ Approach takes into account dynamic
interaction between WECs and other assets in
the wind farm
WEITEZ RS T I XU R ZH R FCAth 132
e 18] 1 Bl 2 5 Wi

+ Wind farm’s conformity can be proofed in
terms of the entity’s behaviour
MRS IR I 1 XL R A5 1k

= Additional competences required with respect

HE, 9 o SR AL T 2L B N Ll e
= “Mixed” wind farms with WECs of different
manufactures may cause difficulties due to
confidentiality issues with regard to WEC
models
HHAN A S 1) R AL ZH 2 R i) <y A 21 XL
HL 37 T e 2 28 28 XU AT A 20 528 1) o e
Objection can be met by adapted processes

NSRBI KRR ;

=
B

Simulation provides most reliable conformity test

2 TR RO AT | S
- =




.Agenda%%élﬂ

= Simulation via Validated WEC Models

A 1 5 Uk X R AL AR R 1

= Scope of simulation 1/ E3 [

THHE

L

= Required model characteristics =3k KRR 4F 5

= Validation process %iFf2f%

= \Wind farm simulation and certification Process

X E3% 05 AN ERE R




MSimulation — Scope of models
i E - A
Normal operation IF #1847
Active Power Control — simple model of setpoints and step responses (depending on
primary energy supply and frequency)
A DT FR 4 ) T R 2 AN R b ;A g BB AR (H e T T FRLRANAR )
Reactive Power Control — simple model of setpoints and step responses (cos ¢ (P); Q
v Q)
To T Th ZR 4 ) v R A A AN g R P 2 ) ] SRS Y (cos @ (P); Q (U))
V System pertubations (harmonics) — calculation according to IEC 60400-21
RGP BN () — 4 IEC 60400-21 T4
Mode of (re-)connection — static behaviour; no model required
(BE) MRS oy
Failure mode (Voltage dip)
g e A (PR s ik )

LVRT behaviour — failure detection, response to voltage dips (no disconnection) and
I dynamic behaviour of reactive and short circuit current)

= ARE R FREBNE- SR, 0k S R IR S (AN i ) A TG T A R % FL U 11 5
S

=¥ Separate models for different modes applicable

XA R A8 . PR A S 23 31 3 S AR RY

-
-
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Simulation — WEC models characteristics

D7 H— XEPLHBR RS &

= Models must feature all relevant responses of WEC with respect to
considered grid code
AL AR TR P ) I D9 S 0 e JRGEELATL L ) I A L 5 S B,

= Voltage and current characteristics should be represented as
alternation effective values
HL s L AR 1 PAAT A R AR

= For normal operation and three-phase failures, the calculation of the
positive sequence system is sufficient
IR AT M=, RotEIER RS/ A]

= For two-phase failures the calculation of the negative sequence
system 1s required
XF T AR b 5 B SR R Gt

= Hence, the detection of the kind of failure mode 1s crucial

R, A R SR TR AR e

—_—
-
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BSimulation — Physical vs. Blackbox Models

7 E— PyEsiivs. B

Physical Model 4B 7

(block diagram or program code (e.g.
MATLAB))

(R B R AR (LE SIMATLAB))

+Certifier or expert, respectively, can reconstruct

plausibility of WEC responses

WWIE TS B S RE 70 9] FE IR UL e

+Certifier or expert, respectively, may compile

model due to selective needs for further
calculation or proofing

WIETT B S T30t Do 5 e () 7 22

A LA gl X A R 3k A T G

=Model will/may not be handed out to third
parties
BB TR =T

Blackbox Model 2 & FHEz

(encapsulated code) (205 )

=+ Validated model can be handed out to

third parties

SR B AT 7 2 =

Different model formats may be validated
for different calculation / simulation tools
ANR) AR R JE AT e 3E ] T AN R T
HTET R

Model does not provide insight into
plausible structure

RN REARIILILSE B 454

= Model is not capable for extended proof

by certifier / expert by means of adjusted
calculations or monitoring of critical
parameters

WIE 7 B AN AL T AR 2R 1 1)
R RIS O S e A NG

:> Validation of physical and blackbox model required !

T

. W JUks 56 ) B

GH
It



Simulation — Validation framework (i/111)

15 E—3UE RIZEFI(1/111)

r )
(in «—— Implemented
‘ simulation

Or model
~ CRA 0 AT
- —»out E—‘j‘ —
Block diagram = ==
Physical model#)#/&ER! |

—

Calculation of \
failure modes &
additional test cases

THA AL M
AN

Simulation tools =——

EITR

Measurement
report

| ERs

L

Validation
of physical model
via comparison of
results and
plausibility testing
TN tbﬁéﬁ%ﬂlﬁ% P




Simulation — Validation framework (11/111)
ﬁﬁ—%m@?ﬁ(l 1/111)

Calculation of failure \

~
(in «—— Implemented Code porting modes & additional
‘ 7] i simulation INto gr_ld test cases
or model calculation ﬁﬁ%ﬁﬁﬁ&[zﬁ}m
>~ | SEH A it tools A
—»out 2 %Emﬁﬁ Ij RIS j Validation
BTock diagram , — = B -2 TR | [
FifEE = == I S r= - : of physical model
N Y 5 Simulation or grid —/——— : : ;
_ —~— \/_ calculation tools > Via comparison o
Physical model 435 %Y BB B R T AL results and
S plausibility testing
TN [:[35(]‘ %%%HE%“
+ Certifier or expert, respectively, may perform Measurement
additional calculations based on existing grid |, rg)or;
. MERS
calculation tools J
VNS 2 & Su i RN AT Rt S e = eI P
AT B It

+ Certifier/ expert may extend WEC model
with additional assets
WIIE 7 B SR i P e T B e XU AL
AR

— Additional effort and competences required to
ensure correct porting of model

M PR I S AR IR LA T AERI D) e
-
n
T2




- Simulation — Validation framework (111/111)

7 E-BUEREZR(111/111)

\.

~
Implemented

simulation
model
R P 7 ZUAE

= E=
Physical model —
A 3 pe AR J

Block diagram

Code porting Calculation of failure
into grid modes & additional
. test cases
calculation j SRR 2 M
tools TR A
REBHEA
I

Blackbox
'I' model(s)

RETHER()

J

B NTHE T |
Simulation or grid ©c————

calculation tools

PIELERE vt T H

Calculation of

failure modes &

additional test cases

TS AR = & B
| SAA

Respective tool
pf blackbox model

PR AR T AN ] T H

————

Validation

of blackbox model
via comparison of
results and plausibility
testing

TE N EG S 45 SRR B 52
L NS R

Physical and blackbox model validated; %2 %

PR R A ] R I X 1 B

PR I

— Blackbox model available for subsequent wind farm simulation

FGH



BSimulation — Validation basics
{1 E— Ik FEm

Calculation of WEC response to voltage dips must utilize same
reactances X,, X, like in field test measurements
THE XU R NL 0T F S R T 1 S N, 0 250488 FH 5 B30 XA [ 1)
HPLX, v X,
Additional sources of errors due to simulation must be considered for
XN, 20055 R ) B 5 I I N 22

=  Active Power HIJUH

= Reactive power JLLUJI)HR

= Reactive current JGI) FEL i
Additional deviations between calculation results of physical and
blackbox model should be accepted
WA AL R R R R T SR A IR TR) B BT 0k 22 Y. R #2232
Certifier or assigned expert should apply additional test cases in order
to proof plausibility of WEC model

WUETT Bldi 7€ 1 5 D EAT Bk LS g JXCER AL ZH A2 1) e 45 1

—_—
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BSimulation — Error considerations
HE-RERZR
Example: Comparison between field test measurement and simulation
(here: 50% voltage dip; 100% P; MATLAB Simulink); measurement; simulation

Blan: I R4 3045 R B
(BbAb: 50% R4 ; 100% P; MATLAB Simulink);  JUH&EAd;  {5E/E

Active Power Reactive Power

| | |
| | |
| | |
2S5 ——p- - -~ —-T1t—-~—r1|-—r——— -
| | |
| |
] l

|
|
|
T——1
| | | | | | |
| | | | | | | |
5 kg — 1L | i | |
| | | | | | | | |
| | | | | | | | | |
= I I I I I I I | | I &l
= =] SR B R S S H I B B z
- | | | | | | | | | | b
= | | | | | | | | | | @
| | | | | | |
1___|___| i My e e e e M S |
| | | | | | | | |
| | | | | | | | |
S I I Y Y S S (R B S

A S —
w - - =

—

Tolerances should be error-time dependent, e.g.

BV iR 2 BT b - I TR], 45
AP, AQ < 0,05 Py if error duration>2 s , i R BRI TR)> 2 s
AP, AQ < 0,10 P if 0,1 s <error duration<2s  WIHO0.1 s < FFEFFLLIT A< 2 s
AP, AQ < 0,20 P if 0,01 s < error duration < 0,1 s WIH0.01 s < HfEFFEER A< 0.1s

—_—
-
T2




BGeneral process for single WEC certification including
model validation

R ARG UE A KL A UIE B — RS AR

Wind farm operator WEC certificate WEC manufacturer

R 3155 B KBTI AFAE 35 X EEH1.2H il v

1. Transfer of WEC models
(physical and blackbox)

RN LR (Y

W ; WEC certificate
B = Expe s FMEET) including

S = commissioned by . Measurement report of validated WEC
2=

& _2 institute %@ﬁgﬁhﬁ}ﬁ
o f AT AL 30 AR
S1s heyis : R LA
o = i

=2 &

X

Transfer of

WEC models and

measurement report
RAT R AL AR

Report on the
model validation
BRI IFHR
Certification OfficeINME/P A=
G ri d oper ato r issues WEC certificateﬁﬁ?iﬁh%ﬂ?ﬁﬁlﬁ%
EE,X—XJ@\~ Procedural- e
] organisational CET- LT RO 2 PR
* | : and testifies validation of WEC model
FFUE B X AL AR 78 35 i
S'.:tll p u atlélo:[n?'[ (based expert report) (Bt & F R 1)
FE -2l 230 E FGH

_‘E"-"')




BlSimulation — Procedural-organisational stipulations of validation
process — with respect to certifier and experts

il
1.

H — BB RERHAE T K& R ORT-A 50

Certifier and experts must provide competences in WEC control (mainly
electrical parts) and its mapping to block diagrams and/or simulation
software.

WAET B ZRn 2547 AL 8 1 (2 20 08 o) S s S 2 i
R AN/ 547 AR A E

To enable most effective evaluation of WEC model it should be ported into
dynamic grid calculation tools, e.g. MATLAB Simulink =% PSD =
INTEGRAL for subsequent wind farm simulation; respective knowledge in
code porting must be available.

WA BT KL AL LS 22 L 5 A7 22, XL A A
N5 NN A B, iMatlab Simulink=»>PSD-=>INTEGRAL.
WA AH Y. A RS A R R

Valdiation process must include additional test cases to proof the the model
validation. A solely comparison of field test measurement results 1s not
sufficient.

Ber UE LR A 25 B sk AR S A A 4 5. AN B a4 2R
BEAT LEBREAIZ ) o

—_—
-
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- Simulation — Procedural-organisational stipulations of validation
process — with respect to certifier and experts

fiE — BAFE FERHAE A RS R R- A8 E

4. Blackbox models are required for different software environments

(due to mixed wind farms with different manufactures =¥ different
types of black-box models may have to be merged in a wind farm
simulation). Certifier or expert must provide several calculation tools
and respective competences.
PR T REARG T AN B AR A A 85 2 A 2B (TR & 2 XL
A AL AN FIZR A ) R T B A A] RE B Rl T
7] — KA ) e INIETT B K20 LR D REAS Rl ) T
T L AAH QK RE

5. Certifier and expert must provide highest confidentiality on validated

physical models (utilisation and storage).

WWUETT I Kb 2500 S0 R T () P AR AR vy DR (i ] S A i)

—_—
-
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.Simulation — wind farm conformity testing
{7 E - REIGRFE IR

= Wind farm calculation may be based on either validated black box

models or validated physical models (if applicable to grid calculation
tools via prior porting)

eIk i B S A B B AR A AT K v L (R E A T4
A ST A R TR

=  Wind farm data (interconnections, transformers, other assets) have to

(x|

provided by wind farm operator
I A (LR ER . AR s a s FLA e ) 020 el XU L i ' v S 3
= Data on point of common coupling (PCC), e.g. short-circuit power and
impedance angle, has to be provided by grid operator
N IRERE AR, PO 2 s A BH AT D020 e L R 2 ] A
= Additional sources of errors due to simulation should be considered by
respective grid codes

P 477 05 S ) BRI 5% 22 I o) . FY L 19 3 D0 1 A% 8
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m
L L




M General process for wind farm certification via WEC

models & i X B AT AR B 33

FH

IE

Wind farm operator

RHIZIEE

WEC and

S Transfer of wind farm data
= ]_é for further calculation
h% “*, (interconnections,
o :§ transformers, other assets)
Bl BN L e v
O N g B (R
g = A s HAhB)
SR
Sl =
=l B
=l =
'EP PCC-Parameter
=4 AREBE-BH

Grid operator

L P 2 ]

WL A UEIE A

Wind farm certificate

\

Experts contracted by
Certification Office

WEH A ZERBA T K

Comprehenswe 81mulatlon of w1nd farm model

PEERRE

7R AE ) — At

WEC manufacturer

LA il

WEC model
H A 3 A .J
Report on the RATIAE H R Eﬁméﬂﬁiﬂ
simulation results

1. Transfer of validated
WEC model

RATHAE ) X HLZH

i
2. WEC certificate

R AL UEFS

Transfer of validated

Certification Office
WIEHAE
issues wind farm certificate
M K L 5
(based on conformity testing via
simulation results)

(T LA R A A PR L)




B\Vind farm conformity testing — Status Quo at FGH
WA & PER — FGHILR

»  Certificate for grid code conformity needed for new wind farm installations =
IMW after 01-01-2009 (with transition periods — based on Medium Voltage
Directive and EEQG)
20094E1 H 1 H JE XA T = 1MW 8T KL HEAT 20 75 1) 9 S AT 5
PEIAUE (G 309 P -2 T o s F RV AT P A EVRTA AT

=  German wind power associations (FGW) are developing joint directives for the
validation and simulation processes as well as for the certification itself
i [5] X7  H B2 TEAE 1 o0 T B0 e A4 SR 7 DL ACIEAS & (18 51

=  FGH is running a prototype process on validation and wind farm certification
with a renowned German WEC manufacturer
FGH 5 #8152 44 1) K R LZH 136 7oy 2 TR) T PR AL Uk A XL B A k51

=  FGH Certification Office seeks for the accreditation to issue respective wind
farm certificates in March 2009
FGHIAUE M % 1E 45 745200943 H kA5 KR I7 IE 5 1) %% it

= Based on the generic framework, FGH can provide a complete consultancy on

the questions of wind farm conformity testing

el MAESE, FGHAT LIS U3 455 5 1 A 5 ) 3L ) 4 1] A
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gbeconaary aspects — conformity testing of existing installations
(here: provisions according to German EEG)
OKEE )7 - W BUAF B & REAT 75 PRl
(Jﬁtﬁiﬂf&?}%{%ﬂﬁ%ﬁ%ﬁ/iﬁ’]ﬁm)

Restricted scope on subset of electrical characteristics for included WECs:

«11 I/‘% PRAE AL 55 XL AE A B e O R AU I

5.

LVRT test (disabled disconnection only — no dynamic reactive current
control)

% s BN (DR UEAN I Y — A7 s A JE T FL 4% 1))

Reduction of active power for frequency variations 50,2 Hz < f < 51,0 Hz
UIRZAE50.2 Hz < f < 51.0 Hz2 [8) 2240 B ARG T 1) 3%

No supply of reactive power later than 500 ms after voltage dips < 85% U

2 HE VR 22 < 85%Un F7452 500 ms)5 AN FHRALTE T T %

No disconnection for frequency 47,5 Hz< f < 51,0 Hz

MAHAE47.5 Hz< f < 51.0 Hz Z [ /R RESE

Blocking of automated re-coupling on request of grid operator

NG AN RE R EPS - VAN WA ER N = I PR

Certification of wind farm conformity is based on a pars pro toto approach with respect

to the included WEC types.

PRI A P IR RS 70 A A 1) 05 9k D B O 5 6 35 ) UL 2R 20 A 5K
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m
—2 =



Conclusion 4512

*  Wind farm conformity testing 1s most appropriate via simulation
with validated WEC models
A 5 UE I B XU AL AL A AT O F 2 WEAT UL 457 & 1 0t
iR SENEWIRT

= Validation should be based on physical models to ensure
plausibility proof
56 UE WO 2 T ) B A HEA T LA DR A 56 ) w45 1

= Additional blackbox model validation provides flexibility for
further simulations in mixed wind farms or additional calculations
BN B B S TR S AR TR R @A T T H
A SR ) R

= (ertification bodies and commissioned experts must provide high
competences in simulation and grid calculation

WIS 5 236 % S J0UHL A AR 5 1 1 2 A L TSR RE

—_—
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Thank you for your attention !

[’m pleased to answer any questions.

LI
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