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Data source: Energinet
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Vetherlands

B THARSHBRENRELZARTEA T & SIS H B
FEENAG% AR AREERBEIT T 2020 F B4 400kV 69 E
N A% UBPRFEALE A & #ua #t 5 (Real Time Digital Power System
Simulator, RTIDS)E/F st 2 4t > A E R B4 B 3.1.4 Aiow - BREE B
WM E M RIDS i » FBEMAKNE  UEHTHLHASL

AT A REHYEESH B 315 BEZSLKE > BAER P RMR

2 LCC-based HVDC link: 740 MW, 285 KV Sweden

Norway 3LCC-based HVDC link: 1050 MW, 250 kV

el r o
WI (IT:. D %xm:_a ‘1 Gl 1

i S
o VHA
VSC-HVDC Link, 700 MW, 350 kv | ¥V 8 .
Norway — S e e
ghinsiil. } = I FER - sc1 (?‘ AHA | AHA 400 MW
i 1 =
CRE 4@.‘; icaliby
— —CD MES  SSVB3.
HRAIEOMW ™ Faoo+®
] DEOIEY ) L

VSC-HVDC Link: 700 MW, 320 kV

ASR l"‘ @@ LCC-based HVDC link: 600 AW, 400 kV
svs SC3

- N O 0T e g s

! | ) 1
f i DU -
A #!@"'{Q} i KIN .
A i - [T MAL FGD o FYVB?
: : - E LAG
... DFIG-based OFWE ] Lo+
I
-

EsvB: KAS ‘ |

‘ SHE
GER.\L—L\TE

Data source: H. T. Nouyen, G. Yang,A H. Nlelsen and P. H. Jensen, "Combination
of Synchronous Condenser and Synthetic Inertia for Frequency Stability
Enhancement in Low Inertia Systems." in JEEE Transactions on Sustainable

Energy.

B 3.14: 4 400kV EH 24 BHE
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Data source: H. T. Nguyen. G. Yang, A. H. Nielsen and P. H. Jensen,
"Combination of Synchronous Condenser and Synthetic Inertia for Frequency
Stability Enhancement in Low Inertia Systems," in IEEE Transactions on
Sustainable Energy.

Bl 3.1.5 B ASKESTER

T4 400kV BH AR EEET R EEWE 316> #EE
B BB AN R(E 3.1.7) T4 THE - 454 RIDS %

L&At - RIDS B840 B 3.1.8 A7 -

- : Analog Output
' ‘l. e (GTAO) :10V
rent,
= -
B

frequency

platform

- A/D
Analog Digital &
Inputs (GTAl/ "—‘
GTDI) GTAI o

Data source: Technical University of Denmark
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|l RTDS

“"“" Real-Time Digital Simulator
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() EEFRERER
i@ A7 B 4 400KV % #(DK1)» 22 3L R Bl AR R B4 B 3.1.9)
FHRASARBAZEZAAFTRT  REH LKA B 5 - SBEHR
R RS REARARBAKER  THAGBEEDELEE ]

AR A KRYERET
4H4 7574 400kV E /7 4 4, 0 Base Case (Case (a)) 4R & # & 4%
P18 4 K N1 35 E 8T3MW » B A1 48 3269MW » & 4 2936MW ; Case
bLERERLEBAZENEEZER  FLXKHNBRERZE TS0MW
B A 3B #e 4% 3269MW 0 B 4R A E 3957TMW ; Case (c) #ER & #&
HARKAABDRNEERGER  BEAXNEEHFE OMW > &)
BE 0 & HEHH Case (b)— 4k 5 Case (d) AER & REHFAKAA R
RAHEH A 2 Case()—# > 1 Case ()t AL A AMH T
HEWME L 4% > Case (DAIAEHMBRAABMATNEEBT L L4
Case (e)fe iR A LB A AKBANHFTKRE R FH KA EE OIMW >

& A4 E 2395MW > & 3 2055MW -
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Sweden

Sweden

Sweden Sweden Sweden
40 MW W 600 MW ' 600 \[W 40 MW
¢ |
Norway Norway Norway | | Norway Norway
[@ :87320W P 750 AW CP 0 AIW S 0 MW P 0 MW
W& C ;3269 MW W& C ;3269 MW W& C 13269 MW " W& C ;3269 MW _ W& C : 2305 MW .
1oopany| Load : 20363y LIPE2 o ol Tead o 20s7anw LDE2  so0anw| Load  :3es7amy LIDED o d Toad :3057AIW 1000 W | Load : 2055 MW
" 600 MY 500 3V 600 MW 500 MW 600 \[VY
Netherlands Netherlands Netherlands Nerherlands Netherlands
700 MW ooy | S0MW | 3003 S
Germany I 103030V Germany 1 1909 \rw Germany | 3050 MW Germany 1550 MW Cermany I 2500 AW
(a) (b) () () (e}

Fig. 6. Case-study scenarios (CP: central production. W & C: wind and coastal production). (a) Base case. (b) HLHW with 3 SGs. (¢) HLHW no SGs
exporting to Norway. () HLHW no SGs, importing from Norway. (e) LWLL.

Data source: H. T. Nguven, G. Yang, A. H. Nielsen and P. H. Jensen,
"Combination of Synchronous Condenser and Synthetic Inertia for Frequency
Stability Enhancement in Low Inertia Systems," in IEEE Transactions on
Sustainable Energy.

B 3.1.9: AL L%ERIEIE

BEBOSIER > AEERRT  ARSABKRNEI A4 4

SKIEEBER T AMKNTEN RGN 2RWERERBFE 48X

IR LB F

#1 ROCOF(Hz/s)#4 #4545 £ -
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mluf | Aot s

" 2 1 3 8 10 0 2 4 6 § 1
t(s)

Fie. 7. System frequency, ROCOF, and SC responses during a disturbance
of base case.

Data source: H. T. Neuyen, G. Yang, A. H. Nielsen and P. H. Jensen,
"Combination of Synchronous Condenser and Synthetic Inertia for Frequency
Stability Enhancement in Low Inertia Systems," in IEEE Transactions on
Sustainable Energy.

3.1.10 : Case (a)f#t 4 R

& 3.1.1 ¢ &4 %08 2 H(s)¥ ROCOF(Hz/s)# #t 4 K

Data source: H. T. Neuven. G. Yang, A. H. Nielsen and P. H. Jensen, ""Combination
of Synchronous Condenser and Synthetic Inertia for Frequency Stability
Enhancement in Low Inertia Systems," in IEEE Transactions on Sustainable

Energy.

= Cases (a) (h) (c) (e)

H (s) WOSC 6.53 5.42 4.54 8.76

' WSCs 7.46 6.1 5.52 10.63

-0.2 -0.45 | -0.5 -0.43

ROCOF (Hz/s) WS .2 4 S 0‘_4
WSCs -0.23 | -0.41 -0.45 -0.36
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(—) AL EHLALKEAN

FFEE N AR TSR ERE&A 60kV -~ 132kV ~ 150KV ~ 220kV
B A00kV £ 54 FRA M TEBBERE A £ 6913 22 BLAAH

FEMBEA S8 0 kB 32.1 AT o

Data source: ENERGINET

B 3.2.1: 4 MmELZ4EE
k321 FALBRAZEEREH 13.15GW » RA44 475GW
T 8AGW o R FF 4 &8 H 4 09GW~2.5GW @ #B 4 & # 4

1.4AGW~3.5GW » & 2 4 & > AL REEHRLY GW(LEFE) -
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& 321 RALBREFEERL

Data source: Technical University of Denmark

Central power plants 2250 MW  Central power plants 2900 MW

Local CHP plants 2000 MW Local CHP plants 650 MW
Wind turbines 3700 MW Wind turbines 1000 MW
Photovoltaic 450 MW Photovoltaic 200 MW

Consumption 1400 - 3500 MW  Consumption 900 - 2500 MW

AR L EEAE BB B 32257 BREERRHFE R
LERAHAAZTALY TEABENRHFTHEITENEE R
AN FERNNEARERANEBE  RBEGBANLERFLEN

B % L84 BEAE o

ST Y
BT s
' "\-,.i%_‘;‘!c-r <+

" Data source: ENERGINET

B 322 A4EN A&
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FEEH L %IEFE A S0Hz & REF 4 AE A B4 8 A4
BFEEN LGB 323 7 o BEHFRAER AR &
T ALk e MR e B sh s oA HVDC # 8 &G Z B > SE0H 89 15 B A
400kV & HVAC i B BB B NEBRM AR % A AR AR RS
HRABOWEIGBRERE T RALELGEHEHER F58H
FARAARBPAIA RFHA o R E@EeoNayiE B A HVDC #5842 2.5
2 3k Bk 84 7% 3 1L 400kV 84 HVAC %55 43 2 8 > #/8 7> JLeBk(NORDEL)
BRZ% 25 n®mAAR L HVDC 3B A8 - & 3.22 A4

T B AT A EHR T e HVDC T4 -
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HVDC Link {u-Nﬁrway

agerrak

K 182
K3

{f@ ” vr:nlskan
o 5

: “,
B = 6%@
ggar&et +

s
o Vester Hassing
sushstation

RAM

4

HVDC Link from DKI1 to
i DK2

Ringkobing

%C\ “ e

!ﬂoms RWWE \
s [ nilerground 400 KV cable}
----- Over head 400 kV line ||

= Underground 150 kV' cable |

= Underground HVDC cablet ™52

..... Over head HVDC line b s
S@N

Wind park Kasso
+ i el suwﬁm oo DKI: Western Danish power & stem
HVAC Link to Gemlan_v] DK2: Eastern Danish power system

Data source: Z. H. Rather, Z. Chen, P. Thegersen and P. Lund, "Dynamic

Reactive Power Compensation of Large-Scale Wind Integrated Power System,"

in IEEFE Transactions on Power Systems., vol. 30, no. 5, pp. 2516-2526, Sept. 2015.

323 BFAEH AL
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£322: A4 E@EBMER Y HVDC s ELR
Data source: ENERGINET

B3 3 B R Bk

FFA B A A BAFARME - #1987 FRABERANEE 1991 %
RE 1 MR 0 2001 FRBERBEARRY > ATFHRELE
B 2013 4 12 B 21 B BRAHEAELLE & #e 102% 5 2014 & 1
Ao RABEEELE ARG 633%:2015F 7 9 B8 — /65 A
A B HE A 140%: 2017 > RABEERSE TEEEES
434%  REHRHETEN—F  ATELTE  ALBRHAREL
BERBER ITET EARGBAE £ 2020 Foiay 0 BARELARE
JE % % 50%eh & 3 5 42 2030 £ AT 0 B B L AAEEE A 4% 55%
by & 4% 2 2050 LA AT 0 SRR LB R BT RALE KR E

HBRABEFXEORNEE  TELNATEMAIAES LA
ERERANSHER UTFTNEBRHLTEARIAEANTEN ZAET TR

BARERIT A -
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(=) A5EHERE
3R AN 3) $24 » ENERGINET 4.4 R.8) E 4 R HE B4 » TR RAE
HERHERGCREREMERZHFEDNZARMENR  BITER BT
AEE AT HEHRARACIEFT P TEALETAAE LER EE-
H A B PIATE A 49 E H & 45 47 #4% DIgSILENT PowerFactory -
BURBTHE L ARELR T S04 GBRATEHEE  ®7H

B~ R A AE IR E MO (o B 3.2.4) -

(Harmonic) Load flow, N-1, Short=circuit calculation

Powerfactory
RMS simulation
Powerfactory
Frequency stability
MATLAB Simulink
EMT simulation
PSCAD
| | | | |
! 1 1 | | >
s ms 5 min hour

& 3.2.4 : ENERGINET -85 B & J& Fi{E A 64 5 47 2k e
Data source: ENERGINET
DIgSILENT PowerFactory =] Fi 2R3 L 1B [ A ST 0 E#E & 4

SEROETR XA DS 2 A B TR ey a » PR 4
FIEFRRLALHETR KR R EAH NG ERE PSSEEH &4
BB TRARSWARLEHNHA - GR TR S8R -BT

E%IEE > AEMA  REUREATRALABNEL  HZ%EHR
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AT B LA R e o AT > Bl A R A SRR SR RY 0 SR EEE YT B Bk
FHMHRXAYEIMBBIRTON S FEAEFREADE
DIgSILENT PowerFactory » # 4t & R T A B AZEANE L4 » Aohnt
HEABE THRAGKE  Be L TiE R EkeBEss -

LA mAMBRSHEEALTH L a0 B BT
ENERGINET ¢4 E#@n#H AB B S A,k g EEME 0 # A
DIgSILENT PowerFactory $f+4-& /1 4 472 F 5/ 0re)iF e o
Mo HRBRRE2HE S FR 7 EN 10 F4 0 ZESGHATS
THAGKARAT TR TER MHPNZATRRESGZE B

A RRSEENBE T EERBETARMNA K AR THFRGEH ) -
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BAHETEERECAE SGW BATCEXRANETUEBEAT A

NFREAREE X EILBRRIE o MaNRFAETHATES R

w

BHERA  FLAELHABEEAGAE 82 2017 £RE#
THE IGW BERAEUREZRGAEESRLE ] 0 BATH 44
EFFARGALEEGEHBENREL2% YEMHERT AL ZEH 0

LEBBERTLHIAGAEEGTE

Data source: ENERGINET
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3@ 3 5\
Data source: ENERGINET
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Data source: ENERGINET
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Data source: ENERGINET
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Data source: ENERGINET
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Data source: ENERGINET
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MK BAOF AT FHMELETER THARRESHEES
B3 REEXER AL AAE R EWNHEMAE  BHERERE
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R PR R BB R A AR H) 0 PR T 3 T & o) BF 48 BT AL B
(HVDC-DCC-RIG)EE#HEE > &SRB ERRR T FTA S AR
AN EATIGER(EATH— BAT T EELKREANEH T
RHBE)REBRFG(ERER AR AN EITEHRETRE Rk
BARRMER AT R RBEAMALEITER L REG RS BT

HAREBARREGHEATHIETH 2048 E

Grid Codes — Ensuring flexibility and grid support
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ANCILLARY SERVICES

Ancillary services ensures reliability in supporting the transmission of electricity
(zctive power) from generation facilities to custcmer loads.
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