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Grid Integration Challenges

- # 1: Grid integration requirements — What, Where and How ?

» # 2: Fault Ride Through (FRT) — How to support the grid during fault conditions

« # 3: Quick Response - Fast acting voltage control and reactive current during fault
- # 4: Advanced simulation models — Important tool for compliance validation

- # 5. Series compensated lines & DFIG wind farm
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Grid Integration Challenge #1

What are the requirements?
- Requirements of the local grid codes are different between countries/regions.

- Today's grid codes are very diverse and contain many technical “gray areas” (historical
reasons, new generation).

- Common specification language, as required for global standardization, does not exist.

- Grid codes are continually changing.

: ' : . Code
EXAMPLE Germany (11 Grid codes and guidelines):
— Transmission | ' BDEW Middle-
Code 2007 Voltage TC 2007
But different time
With interpretation framel
MV 2008
G t System Service Ordinance System Service Ordinance
OVErmEn — TSO-Level — DSO-Level
SDL Wind
\")
Technical TR3 TR4 TR8
Guideline Measuring Modelling Certification
Transpower
2009
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Grid Integration Challenge #1

Usually defined at PPC Where to Comply

N OF COMION - Defines what the performance requirement is
COUPLING <p/ WT Connection point for power plants connected to power system

—————————————————— '« Grid code reflects the structure and status of

| . transmission system
i ! '+ The content of grid code depends on the
; 20kV/690V :

e region
Wind park ind turbine . US FERC Order 661
« E.ON 2006, German

- R.E.E 12.3. Spain
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Grid Integration Challenge #1

How to validate compliance

- Type test of a single wind turbine — typically performed by so-called “container test”.

= Wind power plant compliance assessment — performed by simulation.

X1 Tester

=== B -
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Challenge #2: Fault Ride Through (FRT)

Normal and delayed clearing 1.2
100 ' =
' a
90 E g ! .
' 8
; Converter (WT) must | £ 081
: stay onling (?) # code vevelopment - th 3
? f ode bevelopment —the e | =4 M Be Desi d
> E i i 5 061 B emain Oniine [?jn%epégr-
= 5() Harmor_nzatlon _Workshop on 1= Disturbance Recovery Period:;
Z & Inte,gbratllc? of\cljvlngPO\t/)ver, S Specific Requirements Will
> g(;JleO ec/Canada, October 2 0.4 - Depend on System
g Characteristics.
& 0.2 - Fault Cleared Normally
E P / Within Nine Cycles (150 ms)
I3t =
i . 0 /!— T T T
f o* -1 0 1 2 3 4
0 1 o a1 1 M 1 M 1 N
0 N\. 625 1000 2000 3000 Coginaing T (€}
150 ] ( ) e Source: IEEE power and energy magazine November/December 2007
ime (ms
Typical FRT curve - not full consistency on how FRT FERC Order 661- LVRT requirements defined at HV
profiles are to be understood and applied side of the plant step-up TR. Wind generation facility
remains online during:
3-phase fault with normal clearing
e 1-phase to ground fault with delayed clearing
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Challenge #2: FRT — Example of Dynamic Performance

Zurmet (20

FRT 0% Un, 500 ms — Full Converter ( Type 4) — MV/LV side
FUNDAMENTAL POSITIVE RMS VOLTAGES (p.u.)

1

0.8

06r
04r

02r

800 1000 1200 1400 1600 1800

Time [ms]

INSTANTANEOUS PHASE CURRENTS (21kV SIDE)
| |

200 i i
| : - |L1
----------------------------------------------------------------------------------- — Iy
— s
200 | | i | |
400 800 1000 1200 1400 1600 1800

Time (ms)

FRT 0% Un, 180 ms — DFIG ( Type 3) - LV side
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
500
450
400 S ONNAEIG  ASVES RS
350
300
=
é 250
o
200
uurmsglrid V]
150 uvnnsgndpd]
100 uwrmsgrid I\
50
4900 5500 5600
2000 .
simulated
G000 measured 4
4000
= 2000
[ay]
— D v‘lvﬁvﬂwﬂ‘
-2000
-4000
-G00
2900 5500 SE00
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Challenge #3: Quick Response to Grid Faults/Voltage Su

Relevant voltage deviation AU,

AU =AU+ U U AU, =0
r A_

AU =AU-U,
r /\-

r ' NamtanYs

Required reactive current

Limitation of the
voltage by voltage control

(underexcited operation)

Voltage drop or increase AU

deviation Alg
[p.u.]
1,0 R
I | ‘I
/
dead band I:
™,
!.
| * | [ [
-05 '.\ -0,3 k 1
Back-up of the voltage t\ontrol 1
(overexcited operation) ™ !
._\. /
N ;
N~
A | |
! [-10

7

Voltage deviation AU
Reactive current deviation Al s

|__Stationary final value

03 05 [p.u]

Representation in reference variables:
Reference voltage is uN
Reference current is IN

Tolerance band

R : Transient time

Veltage step not delayed
Voltage response of the reactive current IF‘
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Reactive Current (<100%In) injected within 30 ms during ZVRT

FUNDAMENTAL POSITIVE RMS VOLTAGES (p.u.)

06—

04—

u

UMV

L —

200

I I
600 800

FUNDAMENTAL POSITIVE RMS CURRENTS (p.u.)

1000

i i i
1200 1400 1600 1800

Time [mMs]

600 800

I
1000

i
1200 1800

Time [ms]

ACTIVE AND REACTIVE RMS CURRENTS (p.u.)

i
800 1000

1 T 1
1200 1400 16800 1800

Time [ms]
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FRT — Converter Supports Wind Turbine

Fault Condition

LVRT -

Symmetrical Fault

Downto V,, =0%U,,, at MV
side

Down to V|, (rms) = 0% U, at
MV side

LVRT-Unsymmetrical Fault

Downto V|, = 0% U, at MV
side

(limited time duration)

Down to V|, (rms) = 0% U, at
MV side

Reactive Current Support —
Symmetrical Fault

I, =100% l,,,,,, within 50-150ms
(depending on severity)

Down to approx V, | =15%

I, = 110% 1y, within 30-40ms,
downtoV,; =0%U . (MV
side)

Ulh}l]] {MV Side}
Reactive Current Support — |, =possible downto V , =20% |1,=100% l,,,, within 50ms,
Unsymmetrical Fault U downtoV,, =0%U,, (MV

NI

nom

side)
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Challenge #4: Advanced Simulation Models

_ Generic model “open source” (RMS) of WT 4
Detailed model “black box” (EMT) of WT 4 type model — Full power converter

type model — Full power converter e

1.order filter

Generator/Converter model

|
: I
|
1 L vrerm Q - X L up I/_ gemd |
| !/ —llo —| "
I == Pal Reactive Current L I
IaMIN
: Vterm Reactive Power Control |
|
| IPMAX I
Pord :
| | Pord 1
1 P = X —{ up |/— pemd I
1 Pelec - | —=ilo _/-I
- Palec |
| Active Current Limiting |
1 Active Power Control o 1
: I
. |
|
| »|Vterm |
|
1 | Vref :
—»[RT_—» |
1 Converter Current Limits 1
scopen0 ; Vret Terminal voliage reference Electrical Control Model
il L e ';
f i - e e— e e e == ==
Wind Turbine revl_1 Grid+Trafo+Conv+Gen , [ o i
(Aero+mech+wtc) | Ipcmd . . P ! |
| sTep+1 . I : |
| Reactive ! | !
1 Current during 1.order filter 1 n 1
: . ——
I the Voltage Dip = Re 1 |QI 1
Lookup table 1
| Vterm > Im 1 1
! Vref X J_/ Lo !
| e ay - _/ VOLTAGE_DIP=1 | I I
1 I /1 1
I lgemd L A— > 12 1 1
| e sTeqg+1 . ! |
| VOLTAGE_DIP=0 | : |
| 1 1
| I 1 1
|
1
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Challenge #4:. Advance

—
i |

ABB'S TEST
LABORATORY POINT
OF MV CONNECTIOI
(ASA21)

[

sbc

MAIN DISTRIBUTION TRANSFORMER

i
LOAD DRIVE CONTROL
INDUCTION
GENERATOR
] A
McB
= h ABB'S VOLTAGE
'CONVERTER CTRL DEVIDERS
= EQUIPMENT UNDER TEST
IG, DFIG or
PMSG
WIND TURBINE CONVERTER SUPPLY TRANSFORMER
FOR EUT (TK29)
} m
MCB
o 1+ MCB CTRL
CONVERTER CTRL
=
FOR ABB (TKPmME M4)
-
e
Terminal Voltage
11 T T T T
1 -
[ R=] of -
LR o -
—_ 07 -
=
=
RIS i
=
=]
= osf- i
04 .
0.3 -
0.2 -
0.1 1 L I 1

05 1
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Challenge #5: Series compensated lines & DFIG wind farm

Voltage dip, 55 % compensated line, R¢- about 1.6 at the point of connection

2500 1400000
- Active Pow
20 /h\’\/\//m‘\v/f%m 1200000
_/‘l WMW
. 1500 1000000
© i
()
<_U -
bt i
‘E) ] /
= 1000 800000 I
] i
E ] G n
F o 1
2 500 600000
© 4
Reactive Power
= /
< o |' Ao R et - 400000
- \r v " WW IR S e T M N e TR e
lw” Grid rms voltage
-500 1 200000
-1000 T T T T T T T T T T T T T T T T T T T T T T T T O

7000 7500 8000 8500 9000 9500 10000
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