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Dato

Beskrivelse
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Preecisering af &nerginetsamplaceringsog overplantingskrav
geelder udelukkendor transmissionstilsluttede anleeg.

Fjernelse af krav \-FRT for gentagne féprtikel 14, stk. 5,
litra b), nr. i)

31-10-2025

Krav med godkendelse fra Forsyningstilspnetsamplacering og

overplanting:

1 ikkesynkrone produktionsanleegU\-FRT artikel 16, stk.
3, litra &), nr. i)

1 ikkesynkrone produktionsanleegFFG; artikel 20, stk. 2,

litra b)

synkrone produktionsanleepPFAPR artikel 17, stk. 3

1 ikkesynkrone produktionsanlaepgPFAPR artikel 20, stk. 3,
litra a) og b)

1 synkrone og ikksynkrone produktionsanlaepglL FSMO ¢ ar-
tikel 13, stk. 2

1 synkrone og ikksynkrone produktionsanlaepLFSMU ¢ ar-
tikel 15, stk. 2, litra )

9 ikkessynkrone produktionsanlaagPODx artikel 21, stk. 3,
litra f)

1 synkrone og ikksynkrone produktionsanleapaktiv effekt
referencepunkg artikel 15, stk. 2, litra a)

1 synkrone og ikksynkrone produktionsanleapaktiv effekt
reguleringsrampe artikel 15, stk. 6, litra €)

1 synkrone produktionsanlaagreaktive effektegenskabec
artikel 18, stk. 2, litra b), nr. i) og litra c)

91 ikkessynkrone produktionsanlaagreaktive effekiegenska-
ber ¢ artikel 21, stk. 3, litra b), nr. i) og litra c), nr. i)

1 synkrone og ikkeynkrone produktionsanlsegPMUC arti-
kel 15, stk. 6, litra b), nr. i)

=

Krav mv. uden godkendelse fra Forsyningstilsymesamplace-

ring og overplanting:

91 synkrone og ikksynkrone produktionsanlasgTFR; artikel
15, stk. 6, litra b), nr. ii)

1 synkrone produktionsanleagreaktiv effekireguleringg ar-
tikel 19, stk.2, litra a)

91 synkrone produktionsanlaagPODx artikel 19, stk.2, litra
b), nr.v)

Kravene geelddor anleeg som tilsluttes transmissionssysteme
fra og medL. december 2025 og hvor det fremgar af nettilslut-
ningsaftalen, at der er tale om et samplaceret og/eller overpla
tet anleeg.

21-10-2025

Preecisering af anvendelsesomrade angivet i raekken herunde
Kravene geelder for tilslutninger efter 28. maj 2025. Hvis systgq
brugeren har indgaet en endelig og bindende aftale om kgb g
vedudstyr fgr 28. maj 2025, kan systembrugeren fremsende

denne til den relevante systemoperatgr for at blive anset som
eksisteende anlaeg i forhold til de nye krav, dog senest 90 kal
derdage efter 15. oktober 2025. For anlaeg til og med 1 MW K
anleegget blive anset som eksistereriulds systembrugeren har
indgaet en endelig og bindende aftale om kegb af hovedanlzeg
senest 60 alenderdage fra 15. oktober 2025, har sendt denne
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den relevante systemoperatar og tilsluttet anlsegget senest 11
kalenderdage fra 15. oktober 2025.

14-07-2025

Krav med godkendelse fra Forsyningstilsynet

1 synkrone produktionsanlaegU-Q/Pmaxprofil ¢ Uc til pu ¢ ar-
tikel 18, stk. 2, litra b), nr. i) og ii)

1 ikkesynkrone produktionsanlaagtoggling,PFAPRg udvi-
det PFAPRartikel 20, stk. 3, litra a)

1 ikkessynkrone produktionsanlaagU-Q/Praxprofil ¢ Uc til pu
g artikel 21, stk. 3, litra b), nr. i) og ii)

1 ikkesynkrone produktionsanleegPOLx; artikel 21, stk. 3,
litra f).

Krav mv. uden godkendelse fra Forsyningstilsynet

1 UMFRT fogentagne fejt, artikel 14, stk. 5, litra bjr. i)

1 ikkesynkrone produktionsanleegnvendelse af viklingskok
ler til reaktive reguleringsegenskalgeartikel 21, stk. 3, litral
d), nr. vi).

Kravene geelder for tilslutninger efter 28. maj 2025. Hvis syst
brugeren har indgaet en endelig og bindende aftale om kab 4
hovedudstyr far 28. maj 2025, kan systembrugeren anmode
Energinet om at blive anset som et eksisterende anleeg i forh
til de nyekrav, dog senest 30 maneder efter 28. maj 2025.

01-04-2025

Adskillelse af krav i ensidige krav, som skal godkendes gener
og i krav, som skal aftales eller fastseettes anlsegsspecifikt.
Forsyningstilsynet har annulleret tidligere godkendelse af gen
relle krav til simuleringsmodeller pga. manglende hjemmel til
godkende anleegsspecifikke krav. Disse skal derfor fremover
seettes anleegsspecifikt.

22-07-2022

Krav godkendt af Forsyningstilsynet i forbindelse med genne
relseaf EBF2 NENRYAYy3d HAaMckcomMm AY]
af aendrede krav vedr. nationale testcentre

28-06-2019

AEndring af bilagsreference for henholdsvis bilag 1.A og 1.B (
lukkende redaktionel aendring)

19-11-2018

Krav godkendt af Forsyningstilsynet i forbindelse med genner
relseaf EBF2 NENRYAYy3d HAaMckcomM AY]
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PREAMBLE

Krav med godkendelse fra Forsyningstilsynet

Krav mv. uden godkendelse fra Forsyningstilsynet

Nr.

The swift completion of a fully functioning and interconnected internal ¢
ergy market is crucial to maintaining security of energy supply, increas|
competitiveness and ensuring that all consumers can purchase energy
fordable prices.

Regulation (EC) No 714/2009 sets out-dmtriminatory rules governing
access to the network for crebsrder exchanges in electricity with a viey
to ensuring the proper functioning of the internal market in electricity. I
addition Article 5 of Directiva009/72/EC of the European Parliament an
of the Council (2) requires that Member States or, where Member Stats
have so provided, regulatory authorities ensure, inter alia, that objectiv|
and nondiscriminatory technical rules are developed which estalntiini-
mum technical design and operational requirements for the connection|
the system. Where requirements constitute terms and conditions for cg
nection to national networks, Article 37(6) of the same Directive require
regulatory authorities to be rpsnsible for fixing or approving at least the
methodologies used to calculate or establish them. In order to provide
tem security within the interconnected transmission system, it is essen|
to establish a common understanding of the requirementsiegige to
powergenerating modules. Those requirements that contribute to main
taining, preserving and restoring system security in order to facilitate
proper functioning of the internal electricity market within and between
synchronous areas, and to acteesost efficiencies, should be regarded a
crossborder network issues and market integration issues.

Harmonised rules for grid connection for povgenerating modules shoulg
be set out in order to provide a clear legal framework for grid connectig
facilitate Unioawide trade in electricity, ensure system security, facilitat
the integration of renewabl electricity sources, increase competition an(
allow more efficient use of the network and resources, for the benefit o
consumers.
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System security depends partly on the technical capabilities of gymwer
erating modules. Therefore regular coordination at the level of the tran
mission and distribution networks and adequate performance ofdjoép-
ment connected to the transmission and distribution networks with suff|
cient robustness to cope with disturbances and to help to prevent any |
jor disruption or to facilitate restoration of the system after a collapse a
fundamental prerequisites.

Secure system operation is only possible if there is close cooperation
tween powergenerating facility owners and system operators. In patrticy
lar, the functioning of the system under abnormal operating conditions
pends on the response of powgenerathg modules to deviations from th
reference 1 per unit (pu) values of voltage and nominal frequency. In tk
context of system security, the networks and the pegemerating mod-
ules should be considered as one entity from a system engineering poi
view, given that those parts are interdependent. Therefore, as a prereq
site for grid connection, relevant technical requirements should be set
power generating modules.

Regulatory authorities should consider the reasonable costs effectively
curred by system operators in the implementation of this Regulation wi
fixing or approving transmission or distribution tariffs or their methodold
gies or when approving the termsdiconditions for connection and acce
to national networks in accordance with Article 37(1) and (6) of Directiv
2009/72/EC and with Article 14 of Regulation (EC) No 714/2009.

Different synchronous electricity systems in the Union have different ch
acteristics which need to be taken into account when setting the requirs
ments for generators. It is therefore appropriate to consider regional sp
ficities when establishing netwotlonnection rules as required by Article
8(6) of Regulation (EC) No 714/2009.

In view of the need to provide regulatory certainty, the requirements of

Regulation should apply to new generating facilities but should not app
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existing generating modules and generating modules already at an ad-|
vanced stage of planning but not yet completed unless the relevant red
tory authority or Member State decides otherwise based on evolution d
system requirements and a full cdminefit analysis, or where there has
been substantial modernisation of those generating facilities.

The significance of powgenerating modules should be based on their <
and their effect on the overall system. Synchronous machines should K
classed on the machine size and include all the components of a gene
facility that normally run individly, such as separate alternators driven b
the separate gas and steam turbines of a single cominipelé gas turbine
installation. For a facility including several such combiyet gas turbine
installations, each should be assessed on its size, &rh lee whole ca-
pacity of the facility. Norsynchronously connected powgenerating
units, where they are collected together to form an economic unit and
where they have a single connection point should be assessed on theil
gregated capacity.

10

In view of the different voltage level at which generators are connected
their maximum generating capacity, this Regulation should make a disf
tion between different types of generators by establishing different leve
of requirements. This Regulatidoes not set the rules to determine the
voltage level of the connection point to which the posgenerating mod-
ule shall be connected.

11

The requirements applicable to type A powenerating modules should
be set at the basic level necessary to ensure capabilities of generation
limited automated response and minimal system operator control. They
should ensure that there is no largeale loss of generation over system
operational ranges, thereby minimising critical events, and include reqy
ments necessary for widespread intervention during systetical events.

12

The requirements applicable to type B powgenerating modules should

provide for a wider range of automated dynamic response with greater

Dok.26/068601

Offentlig/Public



10/21C

silience to operational events, in order to ensure the use of this dynam|
sponse, and a higher level of system operator control and information {
utilise those capabilities. They ensure an automated response to mitige
the impact of, and maximise dyn& generation response to, system
events.

13

The requirements applicable to type C powenerating modules should
provide for a refined, stable and highly controllable-tiea¢ dynamic re-
sponse aiming to provide principle ancillary services to ensure security|
supply. Those requirements shouldrepall system states with consequel
tial detailed specification of interactions of requirements, functions, con
and information to utilise those capabilities and ensure thetnes sys-
tem response necessary to avoid, manage and respond to systets.eve
Those requirements should also provide for sufficient capability of gent
ing modules to respond to both intact and system disturbed situations,
should provide the information and control necessary to utilise generat|
in different situations.

14

The requirements applicable to type D powgenerating modules should
be specific to higher voltage connected generation with an impact on c|
trol and operation of the entire system. They should ensure stable opel
tion of the interconnected system, allowithe use of ancillary services
from generation Europwide.

15

The requirements should be based on the principles ofdisgrimination
and transparency as well as on the principle of optimisation between th
highest overall efficiency and lowest total cost for all involved parties.
Therefore those requirements shoukflect the differences in the treat-
ment of generation technologies with different inherent characteristics,
and avoid unnecessary investments in some geographical areas in ord
take into account their respective regional specificities. Transmisson s
G6SY 2LNIG2NE 6We{haQo FyR RAAID

Of 24SR RA&AGNMROGdziAZ2Y &d8&iGSY 2LISN]
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into account when defining the requirements in accordance with the prt
sions of this Regulation, whilst recognising that the thresholds which d
mine whether a system is a transmission system or a distribution syste|
are established at the national léve

16

Due to its crosborder impact, this Regulation should aim at the same fi
quencyrelated requirements for all voltage levels, at least within a syng
nous area. That is necessary because, within a synchronous area, a cf
in frequency in one Member Seéatvould immediately impact frequency
and could damage equipment in all other Member States.

17

To ensure system security, it should be possible for pgemerating mod-
ules in each synchronous area of the interconnected system to remain
nected to the system for specified frequency and voltage ranges.

18

This Regulation should provide for ranges of parameters for national
choices for faultide-through capability to maintain a proportionate ap-
proach reflecting varying system needs such as the level of renewable
SNE& az2dNDS& 6 WYw9 fofedtionlsohdimesS oth &aish |
mission and distribution. In view of the configuration of some networks|
upper limit for fauliride-through requirements should be 250 millisecong
However, given that the most common fault clearing time in Europe is {
rently 150 milliseconds it leaves scope for the entity, as designated by
Member State to approve the requirements of this Regulation, to verify|
that a longer requirement is necessary before approving it.

19

When defining the préault and postfault conditions for the faultide-
through capability, taking into account system characteristics such as 1
work topology and generation mix, the relevant TSO should decide wh|
priority is given to préault operding conditions of powegenerating mod-
ules or to longer fault clearance times.

20

Ensuring appropriate reconnection after an incidental disconnection du
a network disturbance is important to the functioning of the intercon-
nected system. Proper network protection is essential for maintaining s

tem stability and security, particulaih case of disturbances to the syste|
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Protection schemes can prevent aggravation of disturbances and limit
consequences.

21

Adequate information exchange between system operators and power
generating facility owners is a prerequisite for enabling system operato
maintain system stability and security. System operators need to have
continuous overview of the state of thegssem, which includes informatior
on the operating conditions of powgenerating modules, as well as the

possibility to communicate with them in order to direct operational instr|
tions.

22

In emergency situations which could endanger system stability and seg
system operators should have the possibility to instruct that the output
powergenerating modules be adjusted in a way which allows system o
ators to meet their responsibils for system security.

23

Voltage ranges should be coordinated between interconnected system
cause they are crucial to secure planning and operation of a power sy¢
within a synchronous area. Disconnections because of voltage disturbg
have an impact on neighbouring systefailure to specify voltage ranges
could lead to widespread uncertainty in planning and operation of the s
tem with respect to operation beyond normal operating conditions.

24

The reactive power capability needs depend on several factors includir
degree of network meshing and the ratio oféed and consumption,

which should be taken into account when establishing reactive power ri
quirements. When regional system charaistisrs vary within a systems of
erator's area of responsibility, mattean one profile could be appropriate.
Reactive power production, known as lagging, at high voltages and reg
power consumption, known as leading, at low voltages might not be ne
say. Reactive power requirements could put constraints on the design
operation of powegenerating facilities. Therefore it is important that the
capabilities actually required for efficient system operation be thorough

assessed.
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25

Synchronous powegenerating modules have an inherent capability to r
sist or slow down frequency deviations, a characteristic which many RH
technologies do not have. Therefore countermeasures should be adop
to avoid a larger rate of change of freqagmluring high RES production.
Synthetic inertia could facilitate further expansion of RES, which do no;
urally contribute to inertia.

26

Appropriate and proportionate compliance testing should be introduceq
that system operators can ensure operational security.

27

The regulatory authorities, Member States and system operators shoul
sure that, in the process of developing and approving the requirements
network connection, they are harmonised to the extent possible, in ord|
to ensure full market integrationstablished technical standards should |
taken into particular consideration in the development of connection re;
quirements.

28

A process for derogating from the rules should be set out in this Regul{
to take into account local circumstances where exceptionally, for exam
compliance with those rules could jeopardise the stability of the local nf
work or where the safe operah of a poweigenerating module might re-
quire operating conditions that are not in line with the Regulation. In thg
case of particular combined heat and power plants, which bring wider ¢
ciency benefits, applying the rules set out in this Regulatidd cesult in

disproportionate costs and lead to the loss of those efficiency benefits.

29

Subject to approval by the relevant regulatory authority, or other authol
where applicable in a Member State, system operators should be allow
to propose derogations for certain classes of pegererating modules.

30

This Regulation has been adopted on the basis of Regulation (EC) No
714/2009 which it supplements and of which it forms an integral part.
erences to Regulation (EC) No 714/2009 in other legal acts should be

derstood as also referring to this Regulatio
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31

The measures provided for in this Regulation are in accordance with th
opinion of the Committee referred to in Article 23(1) of Regulation (EC)
714/2009

TITLE4{GENERAL PRO

VISIONS

Krav med godkendelse fra Forsyningstilsynet

Krav mv. uden godkendelse fra Forsyningstilsynet

Subject matter

Art. | Stk.

Lit.

Nr.

1

This Regulation establishes a network code which lays down the requil
ments for grid connection of powgenerating facilities, namely synchro-
nous powefgenerating modules, power park modules and offshore pow
park modules, to the interconnected systemtHerefore, helps to ensure
fair conditions of competition in the internal electricity market, to ensure
system security and the integration of renewable electricity sources, ar|
facilitate Uniorwide trade in electricity.

This regulation also lays down the obligations for ensuring that system
erators make appropriate use of the powgenerating facilities' capabili-
ties in a transparent and natiscriminatory manner to provide a level pla
ing field throughout the Union.

For the purposes of this Regulation, the definitions in Article 2 of Direct
2012/27/EU of the European Parliament and of the Council (1), Article
Regulation (EC) No 714/2009, Article 2 of Commission Regulation (EU
2015/1222 (2) Article 2 of Commsiien Regulation (EU) No 543/2013 (3) &
Article 2 of Directive 2009/72/EC shall apply.

In addition, the following definitions shall apply:

WSy iAdGeQ YSFya | NBIdzZ I d2NB | dzi
ator or other public or private body appointed under national law.

YaeyOKNRYyz2dza I NBIQ YSIEya |y | NB|
nected TSOs, such as the synchronous areas of Continental Europe, (
Britain, IrelaneNorthern Ireland and Nordic and the power systems of L|
uania, Latvia and Estonia, together refertedd I & W. | f (A O

wider synchronous area;
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Y@t Gl 3SQ YSFya GKS RAFFSNByOS
measured as the roaheansquare value of the positive sequence phase
to-phase voltages at fundamental frequency;

W LI NBY G LRsSNR YSIya (GKS LINER|
frequency, and the square root of three in the case of tiplegse systems,
usually expressed in kilovoltY LIS NB a 6 W{ +H Yuas iNa Y

WLRASHMISNI GAy3 Y2RdzZ SQ YSI yganerdtihgi
module or a power park module;

WILRASHMISNI GAy3I FLFLOAEtAGEQ YSIya |
into electrical energy and which consists of one or more poeeerating
modules connected to a network at one or more connection points;

WILRASHMISNI GAy3I FLFLOAEfAGE 26y SND Y
powergenerating facility;

WYIFAY 3FSYSNIGAy3a LIXIYyGEiQ YSIya 2)
ment required to convert the primary source of energy into electricity;

W3 ey OKNER yI25dyaS NII2IgAS/NB Y2 Rdzf SQ Y SI
tions which can generate electrical energy such that the frequency of ti
generated voltage, the generator speed and the frequency of network \
age are in a constant ratio and thnsynchronism;

Synkront produktionsanlaeg

10

WILRASHMISNI Ay 3 Y2RdzZ S R20dzyYSydQ
vided by the powegenerating facility owner to the relevant system oper|
tor for a type B or C powgrenerating module which confirms that the
power- generating module's compliance with theehnical criteria set out
in this Regulation has been demonstrated and provides the necessary
and statements, including a statement of compliance;

11

WNBf S@Iyd ¢{hQ YSIya (KS -gerfetatind y
module, a demand facility, a distribution system or a HVDC system is ¢
be connected to the network at any voltage level;

12

WySGg2NLQ YSEya | LXFyd FyR LI

transmit or distribute electricity;
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13

WNEf SOyl aedaasSy 2LSNFI2NR YSIy,
tribution system operator to whose system a pogenerating module,
demand facility, distribution system or HVDC system is or will be conng

14

WwOo2yySOiAz2y | ANBSYSydQ YSkya |
erator and either the powegenerating facility owner, demand facility
owner, distribution system operator or HYDC system owner, which incl
the relevant site and specific technicadjuirements for the powegenerat-
ing facility, demand facility, distribution system, distribution system con|
tion or HYDC system;

15

WO2yySOUA2Y LRAYGQ YSI yagedekatng A y
module, demand facility, distribution system or HVDC system is conne;
to a transmission system, offshore network, distribution system, includi
closed distribution systems, or HVD&tam, as identified in the connectio
agreement;

16

WYl EAYdzy OF LI OAGEQ 2NJ Wt YIFIEQ YS|
power which a powegenerating module can produce, less any demand
sociated solely with facilitating the operation of that poygenerating
module and not fed into the network as specifiedhe connection agree-
ment or as agreed between the relevant system operator and the powe
generating facility owner;

Pmax= R

17

W2 6SNJ LI N] Y2RdzA SQ 2NJ WttaQ YS§|
electricity, which is either nesynchronously connected to the network ol
connected through power electronics, and that also has a single conne
point to a transmission systeudistribution system including closed distri-
bution system or HVDC system;

Ikkesynkront produktionsanleeg

18

W2FFAK2NB LI26SNI LI N] Y2RdA SQ YS|
with an offshore connection point;

19

WYaeyOKNRyYy2dza O2YLISyal A2y 2 LISNI
tor without prime mover to regulate voltage dynamically by production f

absorption of reactive power;
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20

WYL OGABS LIR6SNR YSIya GKS NBILIfE O
mental frequency, expressed in watts or multiples thereof such as kiloy
OW12Q0 2NJ YS3ItLglkita 6WazQoT

21

WLIdzX LR NF 3SQ YSkya F K&@RNRB dzyAd
of pumps and stored to be used for the generation of electrical energy;

22

WFNBjdz2SyOeQ YSkya GKS St SOGNRO
that can be measured in all parts of the synchronous area under the as
sumption of a consistent value for the system in the time frame of secq
with only minor differences betwedtifferent measurement locations. Its
nominal value is 50Hz;

23

WRNR2LIQ YSIya sttéchabelbhfrequehdy tolthe sl
ing steadystate change in active power output, expressed in percentag
terms. The change in frequency is expressed as a ratio to nominal fre-
quency and the change in active powepressed as a ratio to maximum
capacity or actual active power at the moment the relevant threshold ig
reached;

24

WYAYAYdzY NB3IdA FGAy3 €SSt Q YSIy,
in the connection agreement or as agreed between the relevant systen
erator and the powegenerating facility owner, down to which the power
generating module can control active payw

25

YaShLRAYIQ YSIya GKS GFNBSG Ot
trol schemes;

26

WAYaldNHzOGA2yQ YSIya Fye O02YYIl yR)
operator to a powegenerating facility owner, demand facility owner, dis
tribution system operator or HVDC system owner in order to perform a
tion;

27

W3 SOdzZNBR FlrdA 6Q YSIya F FldAd ¢
system operator's planning criteria;

28

WNEIF OGA@GS LRsSNR YSIya G(KS AYIl 3
Fdzy R YSydlt TNBIdSyOes dzadzd ffe@
6Waz! NROT
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29

WT kridefi K N2 dZAKQ YSFya GKS OF LI G6ATL A
remain connected to the network and operate through periods of low vi
age at the connection point caused by secured faults;

UVFRT

30

WEEGSNYlFd2NR YSIya I RSOAOS GKI
energy by means of a rotating magnetic field;

31

WOdZNNBY i Q YShya GKS NIXdS Fid gKA|
by the rootmeansquare value of the positive sequence of the phase cu
rent at fundamental frequency;

32

Yadlrd2ND YSIya GKS LERNIA2Y 27F |
ary magnetic parts with their associated windings;

33

WAYSNIAIFIQ YSIya GKS LINRLISNI& 27
alternator, such that it maintains its state of uniform rotational motion a
angular momentum unless an external torque is applied;

34

WaeyGKSGAO AYSNIAFQ YSIya GKS 7T
HVDC system to replace the effect of inertia of a synchronous mmer-
ating module to a prescribed level of performance;

35

WFNBIjdzSyoe O2y G NBf Q Y-§ehefaling indddle o0 |
HVDC system to adjust its active power output in response to a measu
deviation of system frequency from a setpoint, in order to maintain stak
system frequency;

36

WTNBIljdzSyOe aSyairdridsS Y2RSQ 2N W
generating module or HVDC system in which the active power output
changes in response to a change in system frequency, in such a way t
assists with the recovery to target frequgn

37

WEAYAGSR TNBJSYOENESE R A8 F AS VS |
powergenerating module or HYDC system operating mode which will 1
sult in active power output reduction in response to a change in systen

quency above a certain value;
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38

WEAYAGSR TNBI dzS¢zDRB S B NAB |} dra9) OF 3 2]
powergenerating module or HVDC system operating mode which will 1
sult in active power output increase in response to a change in system
quency below a certain value;

39

WTNBIljdzSyoe NBaLRyaS RSIRolFIYyRQ Y
make the frequency control unresponsive;

40

WTNBIljdzSyOe NBaLRyaS AyaSyaiaidigda
system specified as the minimum magnitude of change in the frequend
input signal that results in a change of output power or output signal;

41

YOOI LI oAfAGe RAFINIYQ YSEya || R
pability of a powegenerating module in the context of varying active
power at the connection point;

42

YaiaNRaS adaloAaftAadeqQ YSFHya GKS |
powergenerating module to revert and maintain stable operation follow
a minor disturbance;

43

WAAE I YR 2LISNIGA2YyQ YSIya GKS Ay
part of a network that is isolated after being disconnected from the inte|
connected system, having at least one pegenerating module or HYDC
system supplying power to this netwakd controlling the frequency and
voltage;

44

WYK2dzaSt2FR 2LISNI GA2YyQ YSIya {pens
erating facilities are able to continue to supply theihause loads in the
event of network failures resulting in powgenerating modules being dis
connected from the network and tped onto their auxiliary supplies;

45

Wofl Ol adl NI OFLIOSAEfAGEQ Y Sdeyesmt-
ing module from a total shutdown through a dedicated auxiliary power
source without any electrical energy supply external to the pgsaerat-

ing facility;

46

WHdzi K2NA&ESR OSNIAFASND YSIya |y
powergenerating module documents and whose accreditation is given
GKS ylLdaz2zytf FTFFAEAIGS 2F GKS 9
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established in accordance with Regulation (EC) No 765/2008 of the Ey
pean Parliament and of the Council (1);

47

WSIidALIYSYld OSNIAFAOIGSQ YSiya |
for equipment used by a poweenerating module, demand unit, distribu;
tion system, demand facility or HYDC system. The equipment certificat
fines the scope of its validity at ational or other level at which a specific
value is selected from the range allowed at a European level. For the g
pose of replacing specific parts of the compliance process, the equipm
certificate may include models that have been verified againshbietst
results;

48

WSEOAGIGAZY O2yiNRf adadsSyQ YSI |
the synchronous machine and its excitation system;

49

WIQ/PMaxdlINE FAE SQ YSEya | LINPFALS NE
bility of a powergenerating module or HVDC converter station in the co
text of varying voltage at the connection point;

50

WYAYAYdzy aidloftS 2LISNYGAYy3T € SOSH
specified in the connection agreement or as agreed between the releve
system operator and the powgenerating facility owner, at which the
power generating module can be operated stafdr an unlimited time;

51

W2 FSNBEOAGIGAZY fAYAGSND YSIya
vents the rotor of an alternator from overloading by limiting the excitatiq
current;

52

Wdzy RSNBEOAGIGAZY fAYAGSNDR YSIya
pose of which is to prevent the alternator from losing synchronism due
lack of excitation;

53

WEdzi2YFGAO @2t dF3S NBEIdzA | 12ND 2
matic equipment controlling the terminal voltage of a synchronous pow
generating module by comparing the actual terminal voltage with a ref¢

ence value and controlling the outputanf excitation control system;
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54

WL oSN adaidsSy adlroAfAaSNR 2N Wt
AVR of a synchronous powgenerating module whose purpose is to dan
power oscillations;

55

WTlFad FrdA & OdNNByGQ YSIkya | Odz
HVDC system during and after a voltage deviation caused by an electr]
fault with the aim of identifying a fault by network protection systems at
the initial stage of the fault, supgting system voltage retention at a later
stage of the fault and system voltage restoration after fault clearance;

FFC

56

WLR SN FI OlG2NR YSIya GKS NIGAz
parent power;

57

Wat2L5Q YSIHya GKS NIrdraAz 2F GKS
voltage, to a change in reactive powerfered from zero to maximum reac|
tive power, based on maximum reactive power;

58

Y2FFaK2NBE INRR O2yySOlGAazy &aeads
tween an offshore connection point and the onshore system at the ons
grid interconnection point;

59

Y2y aK2NB INRAR AYyiUSNDO2yySOiGAzy LI
grid connection system is connected to the onshore network of the rele
vant system operator;

60

WAyadalttlrdAzy R20dzySyiQ YSlkya |
formation about a type A powegenerating module or a demand unit, wil
demand response connected below 1 000 V, and confirming its compli;
with the relevant requirements;

61

WailFaSYSyid 2F O2YLX ALyOSQ YSheia
erating facility owner, demand facility owner, distribution system operalf
or HVDC system owner to the system operator stating the current staty
compliance with the relevant specifitms and requirements;

62

WFAYLFE 2LISNIGA2YlFE y20AFAOFGAZ2Y
relevant system operator to a poweyenerating facility owner, demand fz
cility owner, distribution system operator or HYDC system owner who (

plies with the relevant specificatis and requirements, allowing them to
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operate respectively a powagenerating module, demand facility, distriby
tion system or HVDC system by using the grid connection;
2 63 | WSYSNBAAlFGA2Y 2LNI A2yt y2GATF)
by the relevant system operator to a powgnerating facility owner, de-
mand facility owner, distribution system operator or HYDC system own
prior to energisation of its interhaetwork;
2 64 | WAYGSNRY 2LISNIGA2ylE y20ATFTAOFGA
relevant system operator to a poweenerating facility owner, demand fg
cility owner, distribution system operator or HYDC system owner whicl
lows them to operate respectiwed powergenerating module, demand fa;
cility, distribution system or HVDC system by using the grid connection
limited period of time and to initiate compliance tests to ensure complig
with the relevant specifications and requirements;
2 65 | WEAYAGSR 2LISNY A2yt y20AFAOF (A
relevant system operator to a poweyenerating facility owner, demand fg
cility owner, distribution system operator or HYDC system owner who {
previously attained FON statusths temporarily subject to either a signifi
cant modification or loss of capability resulting in4sompliance with the
relevant specifications and requirements.
Energinet anvender derudover fglgende definitioner:
»anlaegskapaciteter anleeggets maksimale kapacitet
for forbrug og/eller produktion af aktiv effelspm er
angivet i nettilslutningsaftalen og som er inddeliciP
og Ry, dog eksklusive kapacitied energilageranleeg
der alene anvendes som stgtteudstyr til overholdelse
tekniske krav
»forbrugstilstand«er nar det samlede anleeg netto op
tager aktiv effekt fra elforsyningssysterset som en
Dok.26/068601 Offentlig/Public
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stationaer betragtning, der ikke aendres under og/elle
efter fejl

»individuelt anleeg<er det individuelle produktionsan-
leeg, energilageranlaeg eller forbrugsanlssgn er en
del af det samlede anleeg og er tilsluttet i samme inst
lation og tilslutningspunkt

»hex<: er stram malt i tilslutningspunktet ved aktiv ef-
fekt udveksling svarende tild2
0

»overplante«er nar anlaegskapaciteten overstiger ud
vekslingskapaciteten med mere end%0

»Ppi: er anleeggets maksimale fysisk installerede ka
citet i aktiv effekt til forbrug uden hensyiheffekttab,
reaktiv effekt mv., som er angivet i nettilslutningsafta

»Ppx<: er den maksimale kapacitet for forbrug af aktiy
effekt som ma udveksles i tilslutningspunksetn er af-
talt mellem den relevante systemoperatgr og system
brugeren

»Pex: er anleeggets maksimale fysisk installerede ka
citet i aktiv effekt til produktion uden henstiheffekt-
tab, reaktiv effekt mv., som er angivet i nettilslutnings
talen

»PRicx¢: er den maksimale kapacitet for produktion af g
tiv effekt som ma udveksles i tilslutningspunksetn er
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aftalt mellem den relevante systemoperatgr og syste
brugeren

nt C! t wZyY 72 N}rFramBchve Rover Rexd
GSNEEZT &a2Y SNJ) S3Syaill oSy
svingningsforlgb kan opna normal effektudveksling n
referencepunkt fra forud for haendelsen, nér driftsfor-
holdene i tilslutningspunktet er tilbagemradet konti-
nuert drift

nta!Zy F2N]2NILStasS T2NJ ¢4
en enhed, der bruges til at estimere starrelsen og fag
vinklen af en elektrisk viser i systemet ved hjeelp af e
feelles tidskilde for synkronisering

nthsZy Sy F2N]2NLStasS T4
og er egenskaben til at deempe effelscillationer

»produktionstilstand«er nar det samlede anleeg netto
leverer aktiv effekt til elforsyningssystenset som en
stationaer betragtning, der ikke sendres under og/elle
efter fejl

»udvekslingskapaciteter den maksimale kapacitet for
forbrug og/eller produktion af aktiv effekbm det sam-
lede anlaeg m& udveksle i tilslutningspunktet, som er
talt mellem systembrugeremg den relevante system-
operatgr og som er inddelt id3og Ros
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»samplacere<er tilslutningen af et produktionsanleeg,
et energilageranlaeg og/eller et forbrugsanliesgmme
installation og tilslutningspunkt

»parkregulator«: et kontrolsystem til styring af et pro-|
duktionsanlaegs, forbrugsanlaegs og/edleergilageran-
leegs individuelle enheder til opnéelse af et samlet el
trisk respons i tilslutningspunktet

»samlede anlaeger alle produktionsanleeg, energila-
geranleeg og forbrugsanleeg som er tilsluitstmme in-
stallation og tilslutningspunkt

»selvsteendigt anleeger et produktionsanleeg, energila
geranleeg eller forbrugsanlaeg som er tilslugelvsteen-
digt og derved ikke er samplaceret

»systembrugerer den fysiske eller juridiske person,
som er ansvarlig overfor den relevante systemoperat
for det samlede anlaeg

neCcwiZy Sy F2N]2NLStasS ¥4
er et instrument, som kan behandle og lagre malte hg
delser i et elektrisk system.

Scope of application

3 1 The connection requirements set out in this Regulation shall apply to n
powergenerating modules which are considered significant in accordal
with Article 5, unless otherwise provided.

3 1 The relevant system operator shall refuse to allow the connection of a

powergenerating module which does not comply with the requirements

set out in this Regulation and which is not covered by a derogation gra
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by the regulatory authority, or other authority where applicable in a Mel
ber State pursuant to Article 60. The relevant system operator shall col
municate such refusal, by means of a reasoned statement in writing, tg
powergenerating facility owner andnless specified otherwise by the re(
ulatory authority, to the regulatory authority.

This Regulation shall not apply to:

powergenerating modules connected to the transmission system and ¢
tribution systems, or to parts of the transmission system or distribution
tems, of islands of Member States of which the systems are not operat]
synchronously with either the ContirtahEurope, Great Britain, Nordic,
Ireland and Northern Ireland or Baltic synchronous area;

powergenerating modules that were installed to provide bagplpower
and operate in parallel with the system for less than five minutes per cé
dar month while the system is in normal system state. Parallel operatio
during maintenance or commissionirggts of that powegenerating mod-
ule shall not count towards the farainute limit;

powergenerating modules that do not have a permanent connection p(
and are used by the system operators to temporarily provide power wh
normal system capacity is partly or completely unavailable;

storage devices except for pursfprage powegenerating modules in ac-
cordance with Article 6(2).

Application to existing poweigenerating modules

4 1

Existing powegenerating modules are not subject to the requirements
this Regulation, except where:

a type C or type D powgenerating module has been modified to such &
extent that its connection agreement must be substantially revised in a
cordance with the following procedure:

powergenerating facility owners who intend to undertake the modernis
tion of a plant or replacement of equipment impacting the technical cay
bilities of the powegenerating module shall notify their plans to the rele
vant system operator in advance;
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if the relevant system operator considers that the extent of the modern|
tion or replacement of equipment is such that a new connection agreer|
is required, the system operator shall notify the relevant regulatory autf
ity or, where applicable, the Mder State; and

the relevant regulatory authority or, where applicable, the Member Stat
shall decide if the existing connection agreement needs to be revised ¢
new connection agreement is required and which requirements of this
ulation shall apply; or

a regulatory authority or, where applicable, a Member State decides to
make an existing powgenerating module subject to all or some of the 1
quirements of this Regulation, following a proposal from the relevant T}
accordance with paragraphs 3, 4 &nd

For the purposes of this Regulation, a pogenerating module shall be
considered existing if:

it is already connected to the network on the date of entry into force of
Regulation; or

the powergenerating facility owner has concluded a final and binding ¢
tract for the purchase of the main generating plant by two years after tk
entry into force of the Regulation. The povganerating facility owner

must notify the relevant system opor and relevant TSO of conclusion |
the contract within 30 months after the entry into force of the Regulatio

The notification submitted by the powgenerating facility owner to the
relevant system operator and to the relevant TSO shall at least indicats
contract title, its date of signature and date of entry into force and the
specifications of the main gerating plant to be constructed, assembled f
purchased.

A Member State may provide that in specified circumstances the reguli
authority may determine whether the powgenerating module is to be
considered an existing powgenerating module or a new powgenerat-

ing module.

4 1
4 1
4 1
4 2
4 2
4 2
4 2
4 2
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Following a public consultation in accordance with Article 10 and in ord
address significant factual changes in circumstances, such as the evol|
of system requirements including penetration of renewable energy sou
smart grids, distributed gemation or demand response, the relevant TS(
may propose to the regulatory authority concerned, or where applicabl
the Member State to extend the application of this Regulation to existin
powergenerating modules.

For that purpose a sound and transparent quantitative-besefit analysis
shall be carried out, in accordance with Articles 38 and 39. The analysi
indicate:

the costs, in regard to existing powggnerating modules, of requiring
compliance with this Regulation;

the socioeconomic benefit resulting from applying the requirements sef
in this Regulation; and

the potential of alternative measures to achieve the required performar

Before carrying out the quantitative cestnefit analysis referred to in par|
agraph 3, the relevant TSO shall:

carry out a preliminary qualitative comparison of costs and benefits;

obtain approval from the relevant regulatory authority or, where applics
ble, the Member State.

The relevant regulatory authority or, where applicable, the Member Stg
shall decide on the extension of the applicability of this Regulation to e
ing powergenerating modules within six months of receipt of the report
and the recommendation of the elant TSO in accordance with Article
38(4). The decision of the regulatory authority or, where applicable, the
Member State shall be published.

The relevant TSO shall take account of the legitimate expectations of
powergenerating facility owners as part of the assessment of the applif
tion of this Regulation to existing powggnerating modules.
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The relevant TSO may assess the application of some or all of the proy
of this Regulation to existing poweenerating modules every three yeary
in accordance with the criteria and process set out in paragraphs 3 to §

Determination of signific

ance

5 1

The poweigenerating modules shall comply with the requirements on tl
basis of the voltage level of their connection point and their maximum ¢
pacity according to the categories set out in paragraph 2.

Powergenerating modules within the following categories shall be cong
ered as significant:

connection point below 110 kV and maximum capacity of 0,8 kW or mq
(type A);

Type A er fra og me@l8 kW til 125 kW.

connection point below 110 kV and maximum capacity at or above a
threshold proposed by each relevant TSO in accordance with the proc
laid out in paragraph 3 (type B). This threshold shall not be above the |
for type B powegenerating modules céained in Table 1;

Type B er fra og me25 kWil 3 MW.

connection point below 110 kV and maximum capacity at or above a
threshold specified by each relevant TSO in accordance with paragrap
(type C). This threshold shall not be above the limits for type C jummer
erating modules contained in Table 1; or

Type C er fra og m&IMWHtil 25 MW,

connection point at 110 kV or above (type D). A payegrerating module
is also of type D if its connection point is below 110 kV and its maximul
pacity is at or above a threshold specified in accordance with paragrap|
This threshold shall not be aleothe limit for type D powegenerating
modules contained in Table 1.

Type D er fra og mezb MWeller produktionsanlaeg, son|
er tilsluttet over 110 kV.
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Table 1

Limits for thresholds for type B, C and D power-generating modules

Synchronous areas

Continental Furope 1 MW 50 MW 75 MW

Great Britain 1 MW 50 MW 75 MW

Nordic 1.5 MW 10 MW 30 MW

Ireland and Northern 0,1 MW 5 MW 10 MW
Ireland

Baltic 0,5 MW 10 MW 15 MW

Proposals for maximum capacity thresholds for types B, C and D-genve
erating modules shall be subject to approval by the relevant regulatory’
thority or, where applicable, the Member State. In forming proposals th
relevant TSO shall coordinate withaambnt TSOs and DSOs and shall col
duct a public consultation in accordance with Article 10. A proposal by
relevant TSO to change the thresholds shall not be made sooner than
years after the previous proposal.

Powergenerating facility owners shall assist this process and provide d
as requested by the relevant TSO.

If, as a result of madification of the thresholds, a pegererating module
qualifies under a different type, the procedure laid down in Article 4(3) {
cerning existing powegenerating modules shall apply before complianc
with the requirements for theew type is required.

Application
and power

facilities, and

to powergenerating modules, pumystorage powergenerating modules, combined hea|

industrial sites

6

1

Offshore powexgenerating modules connected to the interconnected sy

tem shall meet the requirements for onshore powgenerating modules,
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unless the requirements are modified for this purpose by the relevant g
tem operator or unless the connection of power park modules is via a I
voltage direct current connection or via a network whose frequency is 1
synchronously coupled to that ofd@lmain interconnected system (such a
via a backto-back convertor scheme).

Pumpstorage poweigenerating modules shall fulfil all the relevant re-

quirements in both generating and pumping operation mode. Synchron
compensation operation of purrgtorage powegenerating modules shall
not be limited in time by the technical desigfipowergenerating modules]
Pumpstorage variable speed powgenerating modules shall fulfil the re-|
quirements applicable to synchronous powenerating modules as well &
those set out in point (b) of Article 20(2), if they qualify as type B, C or

With respect to powegenerating modules embedded in the networks of
industrial sites, powegenerating facility owners, system operators of in-|
dustrial sites and relevant system operators whose network is connecti
the network of an industrial site shhhve the right to agree on conditions
for disconnection of such powgenerating modules together with critical
loads, which secure production processes, from the relevant system oj
tor's network. The exercise of this right shall be coordinated wétiette-
vant TSO.

Except for requirements under paragraphs 2 and 4 of Article 13 or whe|
otherwise stated in the national framework, requirements of this Regulz
tion relating to the capability to maintain constant active power output d
to modulate active power output shalbt apply to poweigenerating mod-

ules of facilities for combined heat and power production embedded in
networks of industrial sites, where all of the following criteria are met:

the primary purpose of those facilities is to produce heat for production
processes of the industrial site concerned,;

heat and powegenerating is inextricably interlinked, that is to say any
change of heat generation results inadvertently in a change of active

powergenerating and vice versa;

6 | 2
6 | 3
6 | 4
6 | 4
6 | 4
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the powergenerating modules are of type A, B, C or, in the case of the
dic synchronous area, type D in accordance with points (a) to (c) of Arf]
5(2).

Combined heat and powsenerating facilities shall be assessed on the
sis of their electrical maximum capacity.

Regulatory aspects

7 1

Requirements of general application to be established by relevant syst|
operators or TSOs under this Regulation shall be subject to approval b
entity designated by the Member State and be published. The designaj
entity shall be the regulatory authty unless otherwise provided by the
Member State.

For site specific requirements to be established by relevant system opg
tors or TSOs under this Regulation, Member States may require appro
a designated entity.

When applying this Regulation, Member States, competent entities an(
tem operators shall:

apply the principles of proportionality and rdiscrimination;

ensure transparency;

apply the principle of optimisation between the highest overall efficienc
and lowest total costs for all parties involved;

respect the responsibility assigned to the relevant TSO in order to ensl
system security, including as required by national legislation;

consult with relevant DSOs and take account of potential impacts on th
system;

take into consideration agreed European standards and technical spec|
tions.

The relevant system operator or TSO shall submit a proposal for requil
ments of general application, or the methodology used to calculate or €
tablish them, for approval by the competent entity within two years of €

try into force of this Regulation.
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Where this Regulation requires the relevant system operator, relevant |
powergenerating facility owner and/or the distribution system operator
seek agreement, they shall endeavour to do so within six months after
first proposal has been submittég one party to the other parties. If no
agreement has been found within this time frame, each party may requ
the relevant regulatory authority to issue a decision within six months.

HvisEnerginets krav i denne koloni&e accepteres af
systembrugererkandetindbringes for Forsyningstilsy:
net.

Competent entities shall take decisions on proposals for requirements
methodologies within six months following the receipt of such proposal

If the relevant system operator or TSO deems an amendment to requir|
ments or methodologies as provided for and approved under paragrap|
and 2 to be necessary, the requirements provided for in paragraphs 3 1
shall apply to the proposed amendment. Systeperators and TSOs pro-
posing an amendment shall take into account the legitimate expectatio
any, of powegenerating facility owners, equipment manufacturers and
other stakeholders based on the initially specified or agreed requireme
or methodobgies.

Any party having a complaint against a relevant system operator or TS
relation to that relevant system operator's or TSO's obligations under tl
Regulation may refer the complaint to the regulatory authority which, aj
ing as dispute settlement authtyj shall issue a decision within two
months after receipt of the complaint. That period may be extended by
months where additional information is sought by the regulatory author
That extended period may be further extended with the agreementeof l
complainant. The regulatory authority's decision shall have binding effe
unless and until overruled on appeal.

Where the requirements under this Regulation are to be established by

relevant system operator that is not a TSO, Member States may provig
that instead the TSO be responsible for establishing the relevant requil
ments.

7 5

7 6

7 7

7 8

7 9
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Multiple TSOs
8 1 Where more than one TSO exists in a Member State, this Regulation g
apply to all those TSOs.
8 2 Member States may, under the national regulatory regime, provide thaj

responsibility of a TSO to comply with one or some or all obligations ur
this Regulation is assigned to one or more specific TSOs.

Recovery of costs

9 1

The costs borne by system operators subject to network tariff regulatio
and stemming from the obligations laid down in this Regulation shall bg
sessed by the relevant regulatory authorities. Costs assessed as reasd
efficient and proportionate shabe recovered through network tariffs or
other appropriate mechanisms.

If requested by the relevant regulatory authorities, system operators re
ferred to in paragraph 1 shall, within three months of the request, provi
the information necessary to facilitate assessment of the costs incurreq

Public consultation

10 1

Relevant system operators and relevant TSOs shall carry out consultaf
with stakeholders, including the competent authorities of each Member
State, on proposals to extend the applicability of this Regulation to exis
powergenerating modules in accandce with Article 4(3), for the propose
for thresholds in accordance with Article 5(3), and on the report preparf
in accordance with Article 38(3) and the ebehefit analysis undertaken i
accordance with Article 63(2). The consultation shall lastat for a pe-
riod of one month.

10 2

The relevant system operators or relevant TSOs shall duly take into ac|
the views of the stakeholders resulting from the consultations prior to ti
submission of the draft proposal for thresholds, the report or cost bene
analysis for approval by thegulatory authority or, if applicable, the Mem
ber State. In all cases, a sound justification for including or not the view
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the stakeholders shall be provided and published in a timely manner by
fore, or simultaneously with, the publication of the proposal.

Stakeholder involvement

11 The Agency for the Cooperation of Energy Regulators (the Agency), in
cooperation with the European Network of Transmission System Oper:
for Electricity (ENTSO for Electricity), shall organise stakeholder involv
ment regarding the requirements fgrid connection of powegenerating
facilities, and other aspects of the implementation of this Regulation. T|
shall include regular meetings with stakeholders to identify problems ali
propose improvements notably related to the requirements for gnid co
nection of poweigenerating facilities.

Confidentiality obligations

12 1 Any confidential information received, exchanged or transmitted pursug
to this Regulation shall be subject to the conditions of professional sec
laid down in paragraphs 2, 3 and 4.

12 2 The obligation of professional secrecy shall apply to any persons, regu
authorities or entities subject to the provisions of this Regulation.
12 3 Confidential information received by the persons, regulatory authorities

entities referred to in paragraph 2 in the course of their duties may not
divulged to any other person or authority, without prejudice to cases cg
ered by national law, the othgrovisions of this Regulation or other rele-
vant Union law.

12 4 Without prejudice to cases covered by national or Union law, regulatory
thorities, entities or persons who receive confidential information pursu
to this Regulation may use it only for the purpose of carrying out their ¢
ties under this Regulation.
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TITLE HREQUIREMENTS Krav med godkendelse fra Forsyningstilsynet Krav mv. uden godkendelse fra Forsyningstilsynet
Chapter 1- General requirements
General requirements for type A powegenerating modules
13 1 Type A powegenerating modules shall fulfil the following requirements
lating to frequency stability:
13 1 With regard to frequency ranges:
13 1 i a powergenerating module shall be capable of remaining connected to| Tabel 2
network and operate within the frequency ranges and time periods spe] DKt
fied in Table 2; 47,5¢ 48,5 Hz: 30 min.
48,5¢ 49,0 Hz: 30 min.
DK2
48,5¢ 49,0 Hz: 30 min.
Teknisk preeciserende tekst:
Det betyder, minimum 30 minutter i frekvensomradet
48,5 Hz til 49 Hz samt 30 minutter i frekvensomradet 4|
Hz til 48,5 H&vis frekvensen er under 49,00 Hz i over
minutter, er der ikke krav til, at anleegget skal forblive ti
sluttet leengere end de 60 minutter
13 1 ii the relevant system operator, in coordination with the relevant TSO, ar Krav fra Energinet:
the powergenerating facility owner may agree on wider frequency ran
P g . 9 Y . yag " . d Y g Transmissionssystem: ej relevant
longer minimum times for operation or specific requirements for combil
frequency and voltage deviations toseire the best use of the technical ¢ Distributionssystem: ej relevant
pabilities of a powergenerating module, if it is required to preserve or td
restore system security;
13 1 iii | the powergenerating facility owner shall not unreasonably withhold cor|
sent to apply wider frequency ranges or longer minimum times for opel
tion, taking account of their economic and technical feasibility.
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13 1 With regard to the rate of change of frequency withstand capability, a | ROCOF:
owergenerating module shall be capable of staying connected to the| 2,0 Hz/s
t dule shall b ble of st ted to the| 2,0 Hz/
work and operate at rates of change of frequency up to a value specifi
the relevant TSO, unless disconnettiaas triggered by ratef-changeof- | ROCOF er betegnelsen for frekvensaendringen som fu
frequencytype loss of mains protection. The relevant system operator, | tion af tiden.
coordination with the relevant TSO, shall specify thisohtdhangeof-fre-
quencytype loss of mains protection. Frekvensaendringen, ROCOF, beregnes efter nedenst;
ende eller aekvivalent princip.
Table 2
e e e T e Tt o it o Frekvensmalingen anvendt til beregning af frekvenszer
necwork. dringen er baseret pa en 200 ms maleperiode, hvor mi
Synchronous area Freguency range Time period for operation delveerdien beregnes.
Continental Europe 47,5 Hz-48,5 Hz To be specified by each TSO, but not less than 30 minutes
8,5 Hz-49,0 Hz be specified by eac but not less than the period for ot o o
I e i ety P Frekvensmalingerne skal foregd Izbende s& der bereg
49,0 Hz-51,0 Hz Unlimited en ny veerdi for hver 20 ms.
51,0 Hz-51,5 Hz 30 minutes
Synchronous area Frequency range Time period for operation ROCOF [Hz/s] skal beregnes som forskellen mellem d|
Nordic 47,5 Har48,5 Hz 30 minutes netop udfgrte middelveerdifrekvensberegning og den n
48,5 Hz-49,0 Hz To be specified by each TSO, but not less than 30 minutes delveerdi frekvensberegning der blev foretaget for 20 ny
siden.
90RO linited (df/dt = (middelvaerdi 2 middelvaerdi 1)/0,020 [Hz/s])
51,0 Hz-51.5 Hz 30 minutes
LOM detektering:
Great Brita 7.0 Hz-47.5 Hz 20 second: . .
e e " Synkrone produktionsanlaggkesynkrone produktions-
47,5 Hz-48,5 Hz 90 minuies anleedType A, B, C og D
48,5 Hz-49,0 Hz To be specified by cach TSO, but not less than 90 minutes D d ROCOF . DN dd | d/ ° | b
er anvendes i DN, middelveerdi/maling bereg
49,0 Hz-51.0 Hz Unlimited som beskrevetforbindelse med ROCOF robusthed
51,0 Hz-51.5 Hz 90 minutes .
ROCOE Udkobling overfrekvens: hvor beregnet ROCC
51,5 Hz-52,0 Hz S veerdi er > +2,5 Hz/s i mere end i 80 ms
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Ireland and Northern 47,5 Hz-48,5 Hz 90 minutes

Ireland
48,5 Hz-49,0 Hz To be specified by each TSO, but not less than 90 minutes
49,0 Hz-51,0 Hz Unlimited
51,0 Hz-51,5 Hz 90 minutes

Baltic 47,5 Hz-48,5 Hz To be specificd by cach TSO, but not less than 30 minutes
48,5 Hz-49,0 Hz To be specified by each TSO, but not less than the period for

47,5 Hz-48,5 Hz

49,0 Hz-51,0 Hz Unlimited
51,0 Hz-51,5 Hz To be specified by each TSO, but not less than 30 minutes

ROCOE Udkobling underfrekvens: hvor beregnet ROC|
veerdi er >2,5 Hz/s i mere end i 80 ms

Underspaendingstrin 2 kan anvendes for A anleeg som
ternativ tiil ROCOF. Underspeending (trin 2% 0,8 pu i
200ms

13 2

With regard to the limited frequency sensitive madeverfrequency
(LFSMO), the following shall apply, as determined by the relevant TSO
its control area in coordination with the TSOs of the same synchronous
to ensure minimal impacts on neighbing areas:

For transmissionstilsluttedamplacerede og/eller over-

plantede anleeg:

For overplantede synkrone produktionsanleeg og over-|
plantede ikkesynkrone produktionsanledgstseettes kra-

vet sdledes, at den responderende aktive effekt skaler
medudvekslingskapacitetenr@.

For samplacerede synkrone produktionsanlaeg eller sa
placerede ikkesynkrone produktionsanlzetilades det,

at de samplacerede anlaeg bidrager til opfyldelse af
LFSM&kravet under forudseetning af, at produktionsan
leeggets og de bidragende anlsagisiv effektbidrag koor-
dineres saledes, at bidraget af aktiv effekt for det saml{
anlaegopfylder den kraevede karakteristik for produktior
anlaegget. Hvis det samlede anleslyeksler aktiv effekt
med elsystemet tilsvarende udvekslingskapacitetes) (P
skal produktiosanleeggets LFS®I respons fastholde
driftspunktet uagtet yderligerfrekvensstigning.
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the powergenerating module shall be capable of activating the provisio
active power frequency response according to figure 1 at a frequency
threshold and droop settings specified by the relevant TSO;

a) veelges
P anvendes somirfor ikke-synkrone produktionsanleeg

Frekvensparametrene i reguleringsfunktionerne for akf
effekt skal kunne indstilles med en oplgsning p& 10 mH
eller bedre.

- Reguleringsstatikkerne skal kunne indstilles med en ¢
lasning p& 1 % eller bedre.

- For reguleringsfunktionen for frekvensrespons for ove
frekvens geelder, at ngjagtigheden for en fuldfert eller ¢
kontinuerlig regulering, maksimalt ma afvige med en g
nemsnitlig starrelse pa fejlen < 5 % aiilt over en pe-
riode pa 1 minut.

- Frekvensmalinger skal udfares med en ngjagtighed p
+10 mHz eller bedre.

Teknisk praeciserende tekst:

Ved LFSNO tilstand skal anleeggets aktive effekt falge {
kreevede statik, nar netfrekvensen er stgrre end den s
cificerede graenseveerdi, knaekfrekvens, for LESMan-
set om netfrekvensen er stigende eller faldende.

instead of the capability referred to in paragraph (a), the relevant TSO
choose to allow within its control area automatic disconnection and rec
nection of poweigenerating modules of Type A at randomised frequend
ideally uniformly distributed, alve a frequency threshold, as determined
by the relevant TSO where it is able to demonstrate to the relevant reg
tory authority, and with the cooperation of powgenerating facility own-
ers, that this has a limited crebsrder impact and maintains tharme

level of operational security in all system states;

b) veelges ikke.

the frequency threshold shall be between 50,2 Hz and 50,5 Hz inclusiv|

DK150,2 Hz

13 2

13 2

13 2
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DK2 50,5Hz
13 2 the droop settings shall be between 2 % and 12 %; DK1
Synkrone produktionsanlaeg %
Ikkesynkrone produktionsanlee§ %
DK2
Synkrone produktionsanlaeg %
Ikkesynkrone produktionsanlaed %
13 2 the powergenerating module shall be capable of activating a power fre
quency response with an initial delay that is as short as possible. If tha
lay is greater than two seconds, the povgenerating facility owner shall
justify the delay, providing tenftal evidence to the relevant TSO;
13 2 the relevant TSO may require that upon reaching minimum regulating |
the powergenerating module be capable of either:
13 2 i continuing operation at this level; or i) veelges
13 2 ii further decreasing active power output; ii) veelges ikke
13 2 the powergenerating module shall be capable of operating stably durin
LFSMO operation. When LFS®Iis active, the LFS®I setpoint will prevalil
over any other active power setpoints.
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Figure 1

Active power frequency response capability of power-generating modules in LFSM-O

*  Synchronous Power Generating Modules:
Pyyis the Maximum Capacity

. Power Park Modules:
P.sis the actual Active Power output at the moment
n the LFSM-O threshold is reached or the Maximum

Capacity, as defined by the Relevant TSO

PsAd GKS NBFSNByOS | OGAGS LRoSNI
fied differently for synchronous poweagenerating modules and power

LI N} Y2RdzZ Sao pf A& G(KS OKI y3dgen-|
eratingmodule.fA 8 (GKS y2YAylt FNBIljdsSyoe
iKS FTNBIljdSyOe RSGAlIGAZ2Y Ay GKS

I 6 2 &,8he potvergenerating module has to provide a negative active
power output change according to the droap S

13 3

The poweigenerating module shall be capable of maintaining constant
put at its target active power value regardless of changes in frequency|
cept where output follows the changes specified in the context of para-
graphs 2 and 4 of this Article or pairft) and (d) of Article 15(2) as applid
ble.

13 4

The relevant TSO shall specify admissible active power reduction from
mum output with falling frequency in its control area as a rate of reduct]

falling within the boundaries, illustrated by the full lines in Figure 2:

6 % af Pper Hz, start ved 49,0 Hz.
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13 4 below 49 Hz falling by a reduction rate of 2 % of the maximum capacity
50 Hz per 1 Hz frequency drop;

13 4 below 49,5 Hz falling by a reduction rate of 10 % of the maximum capa

at 50 Hz per 1 Hz frequency drop.

13 5 The admissible active power reduction from maximum output shall:

13 5 clearly specify the ambient conditions applicable; Under normale driftsforhold og efter bedste evne i for-
hold til det aktuelle driftspunkt samt ved omgivelseskor
ditioner som jf. anleegsproducentens tydelige anleegssj|
cifikationer er bekendtgjort for anlaegsejer samt valider
form af relevant produktionsasgigsperformancetest.

13 5 take account of the technical capabilities of poenerating modules.

Figure 2
Maximum power capability reduction with falling frequency
AP,
Prnax
48 48,5 49 49,5 50 f[Hz)
/
5%
10%
The diagram represents the boundaries in which the capability can be |
fied by the relevant TSO.
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13 6 The powergenerating module shall be equipped with a logic interface (i| Distributionssysterkrav.
put port) in order to cease active power output within five seconds follo| Ikke relevant fotransmissionssystemet
ing an instruction being received at the input port. The relevant system
erator shall have the right to spcrequirements for equipment to make
this facility operable remotely.
13 7 The relevant TSO shall specify the conditions under which a-gewerat-
ing module is capable of connecting automatically to the network. Thos
conditions shall include:
13 7 a frequency ranges within which an automatic connection is admissible, { DK1
corresponding delay time; and 47,5-50,2 Hz
DK2
47.5-50.5 Hz
Automatisk indkobling af et anlseg ma tidligst finde ste(
tre minutter efter, at spaendingen er inden for den nor-
male driftsspaending og frekvensen er inden for de spe
cerede omrader.
Synkroniseringen mellem anleeg og det kollektive elfor;
ningsnet skal forega automatisk.
13 7 b maximum admissible gradient of increase in active power output. RSO krav: 20 %/fin
13 7 b Automatic connection is allowed unless specified otherwise by the rele|
system operator in coordination with the relevant TSO.
General requirements for type B powegenerating modules
14 1 Type B powegenerating modules shall fulfil the requirements set out in
Article 13, except for Article 13(2)(b).
14 2 Type B powegenerating modules shall fulfil the following requirements
relation to frequency stability:
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14 2 to control active power output, the powgenerating module shall be
equipped with an interface (input port) in order to be able to reduce act]
power output following an instruction at the input port; and
14 2 the relevant system operator shall have the right to specify the require{ TypeA og Boroduktionsnleeg
ments for further equipment to allow active power output to be remotely
operated.
14 3 Type B powegenerating modules shall fulfil the following requirements
relation to robustness:
14 3 with regard to faulride-through capability of powegenerating modules:
14 3 each TSO shall specify a voltagainsttime-profile in line with Figure 3 at CE/N — FEM - #1 - f-‘-.l-ﬂl: 3] I: al
the connection point for fault conditions, which describes the condition _ - _ . o
which the powergenerating module is capable of staying connected to { Speending (pu) Tid [sekunder]
network and continuing toperate stably after the power system has beg || Iz 0,15 to=ar 0,25
disturbed by secured faults on the transmission system; T 015 | frer- 025
I rzzas 0,15 Trecz2: 0,25
Ursca: 0,5 Trec3l 15
CE/MN —SPGM - #2 - Ald(3)(a)
Spnding (pu) Tid [sekunder]
Uzt 0,32 Lozars 0,25
| tlzar D? Treci: 025
[N 07 Tr=cz? 0,70
Ursca: 0,5 Trec3l 15
Distributionstilsluttede produktionsanlaeg har falgende
krav til tiear 0Q Uet:
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1 teear= 250 ms for alle produktionsanlaeg af type B, C
D
T Uret = 0,3 pu anvendes for synkrone produktionsanlg
af type B, C og D
1 Ut = 0,15 pu anvendes for ikkgnkrone produktions-
anleeg af type B, C og D.

Transmissionstilsluttede produktionsanlaeg har falgeng
krav til tiearog Uet:

1 teear= 150 ms anvendes for alle produktionsanleeg
1 Ut = 0,0 pu anvendes for alle produktionsanlaeg

De angivne FRRFav geelder for symmetriske savel usyn
metriske fejltyper. Spaendingens synkronkomposant sk
indga ved speendingsevalueringen.

(Falgende figurer er ogsa vist i afsritriederst)

UM-FRT krav til distributionstilsluttede synkrone produk|
onsanleeg i af type B, C og D i DK1 og DK2:

e

Vo

[ 0 [

[

UMFRT krav til distributionstilsluttede ikkgnkrone pro-

duktionsanlaeg i af type B, C og D i DK1 og DK2:
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e T [ 025
[ 015 [

[

UVFRT krav til transmissionstilsluttede synkrone prodt
tionsanlaeg i DK1:

[EpT———] Spndigparamete () _Tisparametre [sekunder]
o [ 015

Ui

[

v

o
i o6 [
v 085 '

UMFRT krav til transmissionstilsluttede Hskakrone pro-
duktionsanlaeg i DK1:

[T ———

= =
= =
= =

UWFRT krav til transmissionstilsluttede synkrone prody
tionsanleeg i DK2:
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ke fr ke g e 1104) S —

UV-FRT krav til transmissionstilsluttede #slyakrone pro-

duktionsanleeg i DK2:

[ 0 ot
[

o
[ 0 [
[ s

Se artikel 14, stk. 3, litrg ar. i).

14 3 ii the voltageagainsttime-profile shall express a lower limit of the actual
course of the phast-phase voltages on the network voltage level at thq
connection point during a symmetrical fault, as a function of time befort
during and after the fault;
14 3 iii | the lower limit referred to in point (ii) shall be specified by the relevant | Se artikel 14, stk. 3, litra ar. i).
using the parameters set out in Figure 3, and within the ranges set out
Tables 3.1 and 3.2;
14 3 iv | each TSO shall specify and make publicly available tfayttrand post Kortslutningskatalog fastlaegger metode for beregning
fault conditions for the faultide- through capability in terms of: kortslutningseffekt samt beregner konditioner i kendte |
slutningspunkter
Anlaegskonditioner:
Anleegsegenskaber er specificeret veddPPF = 1
14 3 iv | T the calculation of the préault minimum short circuit capacity at the
connection point,
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14 3

T pre-fault active and reactive power operating point of the pogener-
ating module at the connection point and voltage at the connection poil
and

14 3

T calculation of the posfault minimum short circuit capacity at the con-
nection point;

14 3

at the request of a powegenerating facility owner, the relevant system d
erator shall provide the prfault and postfault conditions to be considere(
for fault-ride-through capability as an outcome of the calculations at the|
connection point as specitién point (iv) regarding:

Krav fra Energinet:

Fastlagt beregningsmetode anvendes

14 3

T pre-fault minimum short circuit capacity at each connection point ex-
pressed in MVA,

14 3

T pre-fault operating point of the powegenerating module expressed in
active power output and reactive power output at the connection point |
voltage at the connection point, and

14 3

T postfault minimum short circuit capacity at each connection point ex|
pressed in MVA.

14 3

Alternatively, the relevant system operator may provide generic values
rived from typical cases;
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Figure 3

Fault-ride-through profile of a power-generating module

Ulpu. &

1.0

Ure

Urcet

Ul

Ut
H B
T >

0 Lilear Trscl trec [ tfsec

The diagram represents the lower limit of a voltagainsttime profile of
the voltage at the connection point, expressed as the ratio of its actual
value and its reference 1 pu value before, during and after a fauis the
retained voltage at the connection point during a fauliyis the instant
when the fault has been clearededy Ueca, trect, treczand tecs Specify cer-
tain points of lower limits of voltage recovery after fault clearance.

Table 3.1

Parameters for Figure 3 for fault-ride-through capability of synchronous power-generating

modules
Voltage parameters (pu} Time parameters (seconds)
U 0,05-0,3 Vet 0,14-0,15 for 0,14-0,25 if system protection and secure opera-
tion s0 require)
Uy, 0,7-0,9 T Vewr
lel U:\u: Lactt [’“‘-0.—
U 0,85-09 and 2 U, Lt [ ]
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Table 3.2

Parameters for Figure 3 for fault-ride-through capability of power park modules

Voltage parameters ipu) Time parameters {seconds)

U 0,05-0,15 Ceart 0,14-0,15 {or 0,14-0,25 if system protection and secure opera-
tion so require)

U015 - [

Ve bect? brect

Ut 0,85 () 1,5-3,0

vi

the powergenerating module shall be capable of remaining connected
the network and continuing to operate stably when the actual course of
phaseto-phase voltages on the network voltage level at the connection
point during a symmetrical fault, givére prefault and postffault condi-

tions in points (iv) and (v) of paragraph 3(a), remain above the lower lir]
specified in point (i) of paragraph 3(a), unless the protection scheme f(
ternal electrical faults requires the disconnection of the pegesrerating
module from the network. The protection schemes and settings for inte
electrical faults must not jeopardise fatile- through performance;

vii

without prejudice to point (vi) of paragraph 3(a), undervoltage protectio
(either faultride-through capability or minimum voltage specified at the
connection point voltage) shall be set by the pogenerating facility
owner according to the widest pasks technical capability of the power
generating module, unless the relevant system operator requires narrg
settings in accordance with point (b) of paragraph 5. The settings shall
justified by the powegenerating facility owner in accordance witist
principle;

fault-ride-through capabilities in case of asymmetrical faults shall be sp
fied by each TSO.

FRT krav er geeldende for symmetriske savel som asyl|
metriske fejl.

Type B powegenerating modules shall fulfil the following requirements
lating to system restoration:

14 3

14 3

14 3

14 4
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14 4 the relevant TSO shall specify the conditions under which a gyemerat- | DK1
ing module is capable of reconnecting to the network after an incidentg 47,5-50,2 Hz
disconnection caused by a network disturbance; and DK2
47.5-50.5 Hz
| speendingsomradet for ubegraenset driftstid.
Genindkobling efter 3 min.
Gradient: 20 %nFmin.
Kobling med eget udstyr et tilladt sa leenge nettet er
spaendingssaiobling med andres udstyr er efter aftale
med anlaegsejer
14 4 installation of automatic reconnection systems shall be subject both to| DistributionssystenSe artikel 14, stk. 4, litra a).
prior authorisation by the relevant system operator and to the reconne( Transmissionssystem/a.
tion conditions specified by the relevant TSO.
14 5 Type B powegenerating modules shall fulfil the following general syste|
management requirements:
14 5 with regard to control schemes and settings:
14 5 i the schemes and settings of the different control devices of the pgemr Krav fra Energinet:
erating module that are necessary for transmission system stability anc
. . . Systemveern:
taking emergency action shall be coordinated and agreed between the
vant TSO, the relevant system agter and the powegenerating facility Systemoperatgreq i samarbejde meé&nerginet; skal
owner; oplyse, om der er krav til etablering af et systemvaerr]
forbindelse med fastleeggelsetiélutningspunkt
Absolut effektbegraenser:
Absolut effektbegraenser bruges til at beskytte det ko
lektive elforsyningsnet mod overbelastning i kritiske s
tuationer.
14 5 ii any changes to the schemes and settings, mentioned in point (i), of the
ferent control devices of the powegenerating module shall be coordi-
nated and agreed between the relevant TSO, the relevant system ope
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and the powergenerating facility owner, in particular if they apply in the
circumstances referred to in point (i) of paragraph 5(a);
14 5 with regard to electrical protection schemes and settings:
14 5 the relevant system operator shall specify the schemes and settings ne Krav fra Energinet:
sary to protect the network, taking into account the characteristics of th
) . RSO anvender:

powergenerating module. The protection schemes needed for the pow

generating module and the networkwasll as the settings relevant to the Linjebeskyttelse

powergenerating module shall be coordinated and agreed between the

. I Transformerbeskyttelse

relevant system operator and the powgenerating facility owner. The prd

tection schemes and settings for internal electrical faults must not jeop; Reaktorbeskyttelse

ise the performance of a powegenerating module, in line with the re- .

. o L Hjeelpekrafttransformebeskyttelse

quirements set out in this Regulation;
Samleskinnebeskyttelse.
Anlaegsejer:
Anlaegget sikres mod skader fra fejl og haendelser i n
tet.
Anlaegget sikres mod interne kortslutninger.
Anlaegget sikres mod udkobling i ukritiske situationer,
Alle relevante indstillinger specificeres med udgangs
punkt i relevant netog anlaegsanalyse.
Indstillinger indfares i aftale.
Det kollektive elforsyningssystem sikres i videst muli
omfang mod ugnskede pavirkninger fra anleegget.
Anlzegget skal kunne handtere de opstillede- KR,
hvorEnerginesikrer, at fejl m.m. udkobles iht. disse.

Dok.26/068601 Offentlig/Public



53/21C

14 5

ii electrical protection of the powegenerating module shall take preceden
over operational controls, taking into account the security of the systen|
and the health and safety of staff and of the public, as well as mitigatin|
damage to the powegeneraing module;

14 5

iii | protection schemes may cover the following aspects:

Krav fra Energinet:

Anlaegsejeren er ansvarlig for gennemfgrelsen af et |
skyttelseskoordineringsstudie.

Det er anleegsejers ansvar, at anlsegget dimensioner
og udstyres med de ngdvendipeskyttelsesfunktioner,
sd at:

- anlaegget sikres mod skader som fglge af fejl og has
delser i det kollektive elforsyningsnet

- anleegget beskyttes mod udkoblinger i ikkitiske si-
tuationer for anlaegget

Relaebeskyttelse specielt rettet mod fejl i anleegget, h
under kortslutninger, overhastighed, magnetiserings-|
overvagning, retureffekt etc. ma ikke udkoble enhedg
ved kortslutninger i eller omlaegninger i nettet.

Anlaegsbeskyttelsen skal ved kortslutninger i anleegg
vare selektiv med netbeskyttelsen.

Anvendelsen af vektorspringsrelaeer som beskyttelse
funktion mod edrift/netudfald er ikke tilladt.

Synkront underspaendingsrelee er kun et krav i det til
feelde, at asynkron sammenkobling ved automatisk g
indkobling kan forekomme.
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Hvis et anlaeg isoleres med en del af det kollektive el
syningsnet, ma anlaegget ikke give anledning til temp
raere overspaendinger, der kan medfgre skader pa a
leegget eller det kollektive elforsyningsnet.
14 5 b iii | T external and internal short circuit,
14 5 b iii | T asymmetric load (negative phase sequence),
14 5 b iii | T stator and rotor overload,
14 5 b iii | T over/underexcitation,
14 5 b iii | T over/undervoltage at the connection point,
14 5 b iii | T over/undervoltage at the alternator terminals,
14 5 b iii | T inter-area oscillations,
14 5 b iii | T inrush current,
14 5 b iii | T asynchronous operation (pole slip),
14 5 b iii | T protection against inadmissible shaft torsions (for example, subsync
nous resonance),
14 5 b i | T powergenerating module line protection,
14 5 b iii | T unittransformer protection,
14 5 b iii | T backup against protection and switchgear malfunction,
14 5 b i | T overfluxing (U/f),
14 5 b iii T inverse power,
14 5 b i | T rate of change of frequency, and
14 5 b iii | T neutral voltage displacement.
14 5 b iv | changes to the protection schemes needed for the pegezrerating mod-
ule and the network and to the settings relevant to the pegemerating
module shall be agreed between the system operator and the pgarer
erating facility owner, and agreement shallrbached before any changes
are made;
14 5 c the powergenerating facility owner shall organise its protection and cor
trol devices in accordance with the following priority ranking (from hight
to lowest):
Dok.26/068601 Offentlig/Public



55/21C

14 5 c i network and powegenerating module protection;
14 5 c ii synthetic inertia, if applicable;
14 5 c iii | frequency control (active power adjustment);
14 5 c iv | power restriction; and
14 5 c % power gradient constraint;
14 5 d with regard to information exchange:
14 5 d i powergenerating facilities shall be capable of exchanging information \ Informationsudveksling: realtid eller periodéstned tids-
the relevant system operator or the relevant TSO in real time or period| stempling.
with time stamping, as specified by the relevant system operator or the|
evant TSO; Maksimal opdateringstid af funktionsstatus (aktiveret/d
aktiveret) er 10 ms.
Maksimal opdateringstid af parametervaerdi er 1 sekun
Maksimal opdateringsveerdi af maleveerdier er 1 sekun
@vrige krav specificeres under A14(5)(d)(ii).
14 5 d ii the relevant system operator, in coordination with the relevant TSO, sh| Krav i bilag A (informationsudveksling).

specify the content of information exchanges including a precise list of
to be provided by the powegenerating facility.

General requirem

ents for type C poweyenerating modules

15 1 Type C powegenerating modules shall fulfil the requirements laid down
Articles 13 and 14, except for Article 13(2)(b) and (6) and Article 14(2).

15 2 Type C powegenerating modules shall fulfil the following requirements
lating to frequency stability:

15 2 a with regard to active power controllability and control range, the pewer| Synkrone produktionsanlaminimum 1 % afPminut,
generating module control system shall be capable of adjusting an acti| desuden 10 minutters reaktionstid til teknologineutralitg
power setpoint in line with instructions given to the powgenerating facil-| hvis nadvendigt.
ity owner by the relevant systenperator or the relevant TSO.

Ikkesynkrone produktionsanleegiinimum 20 % af.P
/minut.
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Angivelse afastpunkter for aktiv effekt skal kunne ske
med en oplasning pa 1 % afgfer bedre.

Frekvensparametrene i reguleringsfunktionerne for akf
effekt skal kunne indstilles med en oplgsning p& 10 mH
eller bedre.

Reguleringsstatikkerne skal kunne indstilles med en o
ning pa 1 % eller bedre af. P

For alle reguleringsfunktioner for aktiv effekt geelder, af
ngjagtigheden for en fuldfart eller en kontinuerlig regul|
ring, maksimalt ma afvige med en gennemsnitlig sterre
pa fejlen p& 2 % afMalt over en periode pa 1 minut.
(geelder dog ikke for LFSMog LFSMU)

Frekvensmalinger skal udferes med en ngjagtighed pd
+10 mHz eller bedre.

For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:

Synkrone produktionsanleeg

For synkrone produktionsanleeg gaelder, at kravet til ak
effektreferencepunkt fastseettawplgsning og tolerancer
for ngjagtigheden af reguleringen.

For overplantede synkrone produktionsanleeg skaleres|
kravet til aktiv effekkontrollerbarhedog saetpunkter
med udvekslingskapaciteternép).
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For samplacerede synkrone produktionsanlaeg skalere
kravet til aktiv effekkontrollerbarhedog seetpunkter
med den starste udvekslingskapacitet¢eller Ros).

For samplacerede synkrone produktionsanlaeg tillades
det, at de samplacerede anldeiglrager til opfyldelse af
kravet til kontrollerbarhed for aktiv effekéferencepunkt
underforudseetning af, at produktionsanlsegget og alle
dragende anleeg koordineres og styaé€n feelles parkre-
gulator. | tilfaelde, hvor aktiv effekeferencepunktet kree-
ver opreguleringf det samlede anlaegs levering af aktiy
effekt i tilslutningspunktet og produktionsanlaegget
ikke kan producere mere, skal udvekslingen til elforsy-
ningssystemeprioriteres over forbruget til de samplace;
rede anleeg.

Hvis det samlede anleeg bestar af energilageranlzeg, s
har en stgrre anleegskapacitid produktionsanleegget,
skal det samlede anlaeg regulere aktiv effekt med ha-
stighedpa minimum 2®6af Res/ minut. Angivelse af
seetpunkter for aktiv effekt sklainne ske med en oplgs-
ning pa 1%af Rezeller bedre. Det samlede anlaeg skal |
gulereaktiv effekt for en fuldfart eller en kontinuerlig re-
gulering, med ngjagtighed deraksimalt afviger oaf
Prcs malt over en periode pa 1 minut.

Ikkesynkrone produktionsanleeg

For ikkesynkrone produktionsanlaeg geelder, at kravet {
aktiv effektreferencepunkindeholder specifikation af
oplgsning og tolerancer for ngjagtigheden af regulerin-

gen.
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Afvigelser fra tolerancen tillades af hensyn til tilgaengel
heden af primaer energi3. Vegregulering efter den pri-
meere energi vender tilbage, skal anlaegget fglge krave
aktiveffekt-rampehastigheder for produktionsanlaeg.

For overplantede ikksynkrone produktionsanleeg skale;
res kravet til aktiv effekt kontrollerbarhed saetpunkter
med udvekslingskapacitetené.

For samplacerede ikigynkrone produktionsanleeg skalg
res kravet til aktiv effekt kontrollerbarhed saetpunkter
med den starste udvekslingskapacitetBller Ros).

Hvis det ikkesynkrone produktionsanlaeg samplaceres f{
lades det, at de samplaceredrlaeg bidrager til opfyl-
delse af kravet til kontrollerbarhed for aktiv effe&fe-
rencepunktunder forudseetning af, at produktionsanlaeg
get og alle bidragende anleeg koordinevgsstyres af én
feelles parkregulator. Ved manglende tilgaengelighed a|
primaerenergi skal udvekslingen til elforsyningssystem
prioriteres over forbruget til dsamplacerede anlaeg.

15 2

The relevant system operator or the relevant TSO shall establish the pf
within which the adjusted active power setpoint must be reached. The |
vant TSO shall specify a tolerance (subject to the availability of the prir|
mover resource) applying togmew setpoint and the time within which it
must be reached;

15 2

manual local measures shall be allowed in cases where the automatic
mote control devices are out of service.

Se artikel 15, stk. 2, litra a).
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The relevant system operator or the relevant TSO shall notify the regul
authority of the time required to reach the setpoint together with the tol|
ance for the active power;

In addition to Article 13(2), the following requirements shall apply to tyf
powergenerating modules with regard to limited frequency sensitive m
T underfrequency (LFSM):

For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:

For overplantede synkrone produktionsanleeg eller-ikke
synkrone produktionsanleeg aendres kravet saledes, at
responderende aktive effekt skaleres med udvekslings
paciteten(Pc9. Hvis produktionsanleegget udveksler ak
effekt tilsvarende udvekslingskapacite{@3 skal pro-
duktionsanlaeggets LFSMrespons fastholdeériftspunk-
tet uagtet yderligere frekvensdyk.

For samplacerede synkrone produktionsanlaeg eller ikk
synkrone produktionsanlagjades det, at de samplace-
rede anleeg bidrager til opfyldelse af LFSktravet under

forudseetning af, at produktionsanlaeggets og det bidra|
gende anlaegs aktiv effektdragkoordineres saledes, at

bidraget af aktiv effekt for det samlede anlaeg opfylder
den kraevede karakteristik for produktionsanleegget.

Hvis produktionsanlaegget samplaceres med et forbrug
anleeg, fastholdes statikken foroduktionsanlaegget uag-
tet den aendring af aktiv effekt i tilslutningspunktet, son
forbrugsanlaeggetsFSMU-respons matte medfare.

Hvis det samlede anlaeg udveksler aktiv effekt tilsvarne
udvekslingskapacitetgifhcg skal produktionsanlaeggets
LFSMU respons fastholde driftspunktet uagtet yderligel
frekvensdyk.

15 2
15 2
Dok.26/068601

Offentlig/Public



60/21C

15 2 i the powergenerating module shall be capable of activating the provisig DK1
active power frequency response at a frequency threshold and with a d 49,8 Hz
specified by the relevant TSO in coordination with the TSOs of the san| Droop range: 2, 12 %.
synchronous area as follows: Droop:Synkrone produktionsanlagkke-synkrone pro-
duktionsanleeg 5 %
DK2
49.5 Hz
Droop range: 2,12 %.
Droop:Synkrone produktionsanlagkke-synkrone pro-
duktionsanlaeg 4 %
Frekvensmalinger skal udferes med en ngjagtighed pd
+10 mHz eller bedre.
Reguleringsfunktionens falsomhed skal veere + 10 mH
ler bedre.
15 2 i T the frequency threshold specified by the TSO shall be between 49,8
and 49,5 Hz inclusive,
15 2 i T the droop settings specified by the TSO shall be in the rahgé2
15 2 i This is represented graphically in Figure 4;
15 2 ii the actual delivery of active power frequency response in {{F8idde
shall take into account:
15 2 ii T ambient conditions when the response is to be triggered,
15 2 ii T the operating conditions of the powgenerating module, in particular
limitations on operation near maximum capacity at low frequencies and
respective impact of ambient conditions according to paragraphs 4 andg
Article 13, and
15 2 ii T the availability of the primary energy sources.
15 2 iii | the activation of active power frequency response by the paeeerating
module shall not be unduly delayed. In the event of any delay greater {
Dok.26/068601 Offentlig/Public



61/21C

two seconds, the powegenerating facility owner shall justify it to the relg
vant TSO;

15 2

in LFSMJ mode the powegenerating module shall be capable of provid
ing a power increase up to its maximum capacity;

15 2

stable operation of the powegenerating module during LFSMoperation
shall be ensured,;

Figure 4
Active power frequency response capability of power-generating modules in LFSM-U

o Synchronous Power Generating Modules:
AP
i

P..sis the Maximum Capacity y
B,

*  Power Park Modules:

Pysis the actual Active Power output at the
moment the LFSM-U threshold is reached or
the Maximum Capacity, as defined by the
Relevant TSO

-l 2
L A

»
’ L
\

1]
-

PsAd GKS NBFSNBYyOS | OGAGS LRSSNI
fied differently for synchronous poweagenerating modules and power
LI N} Y2RdzZ Sao® pf A& GKS OKIy3S$
generating modulexis the nominal frequency (50 Hz) in the network an
n¥ Aa GKS FNBIdzSyde RSOALFGAZ2Y A
A a o §thepdwergd@nerating module has to provide a positive activy
power output change according to the droap S

P, anvendes somdrfor badesynkrone produktionsanleeg
ogikkesynkrone produktionsanlaeg

15 2

in addition to point (c) of paragraph 2, the following shall apply cumula-

iAPSte 6KSyYy FTNBldSyoOe aSyariros
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15 2 the powergenerating module shall be capable of providing active powe| DK1
frequency response in accordance with the parameters specified by eg Interval for aktiv effekt: 1,§ 10%
relevant TSO within the ranges shown in Table 4. In specifying those g (minimum krav)
eters, the relevant TSO shall take actaf the following facts: FRI: 10 mHz
FRD: @ 200 mHz
Droop: 2- 12%
P, anvendes som.refor badesynkrone produktionsanleeg
ogikkesynkrone produktionsanlaeg.
DK2
Interval for aktiv effekt: 1,§10%
(minimum krav)
FRI: 10 mHz
FRD: @ 500 mHz
Droop: 2- 12%
P, anvendes somdrefor badesynkrone produktionsanleeg
ogikke-synkrone produktionsanlaeg.
15 2 T in case of overfrequency, the active power frequency response is lin|
by the minimum regulating level,
15 2 T in case of underfrequency, the active power frequency response is li
ited by maximum capacity,
15 2 T the actual delivery of active power frequency response depends on |
operating and ambient conditions of the powggnerating module when
this response is triggered, in particular limitations on operation near mg
mum capacity at low frequencies accoglio paragraphs 4 and 5 of Atrticl
13 and available primary energy sources;
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Tuble 4

Parameters for active power frequency response in FSM (explanation for Figure 5)

Parameters Ranges
AP, | 1,5-10%
Active power range related to maximum capacity ——
Frequency response insensitivity |afi| 10-30 mHz
\ar:| 0,02-0,06 %
fu
Frequency response deadband 0-500 mHz
Droop s, 212 %
Figure 5

Active power frequency response capability of power-generating modules in FSM
illustrating the case of zero deadband and insensitivity

, AP
P

o Synchionous Power Generating Modules:

- —\-Fl'l Piris the Maximum Capacity

By »  PowerPark Modules:
Pryis the actual Active Power output at the moment
the FSM threshold is reached or the Maximum
Capacity, as defined by the Relevant TSO.

=&

PsAd GKS NBFSNBYyOS | OGAGS LR6SNI
active power output from the powegenerating modulefs the nominal
FNBIljdzSyOe opn 110 Ay GKS ySiasz2N]
network.
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15 2

the frequency response deadband of frequency deviation and droop m
be able to be reselected repeatedly;

15 2

in the event of a frequency step change, the pegemnerating module shal
be capable of activating full active power frequency response, at or ab(
the full line shown in Figure 6 in accordance with the parameters speci
by each TSO (which shall ainaeoiding active power oscillations for the
powergenerating module) within the ranges given in Table 5. The com
tion of choice of the parameters specified by the TSO shall take possib)
technologydependent limitations into account;

30 sekunder

15 2

the initial activation of active power frequency response required shall |
be unduly delayed.

S kort som muligt, skal begrundes hvis tid > 2 sekundg

15 2

If the delay in initial activation of active power frequency response is
greater than two seconds, the poweggenerating facility owner shall pro-
vide technical evidence demonstrating why a longer time is needed.

15 2

For powergenerating modules without inertia, the relevant TSO may sp
ify a shorter time than two seconds. If the povgenerating facility owner
cannot meet this requirement they shall provide technical evidence de
strating why a longer time is needfed the initial activation of active
power frequency response;
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Figure 6

Active power frequency response capability

T T T T T T T

Ijs

tYFE A& GKS YIFEAYdzy OF LI OAde (2

tive power output from the powegenerating module. The powgenerat-
Ay3 Y2RdxA S KF&a (2 LNRGARS I Gined
cordance with the timesandtg A 0 K G KS dihrd diiag 2 F
specified by the relevant TSO according to TablastHe initial delay 2tis

the time for full activation.

15 2

the powergenerating module shall be capable of providing full active
power frequency response for a period of between 15 and 30 minutes
specified by the relevant TSO. In specifying the period, the TSO shall |
regard to active power headroom and pam energy source of the power
generating module;

15 minutter.

15 2

vi

within the time limits laid down in point (v) of paragraph 2(d), active poy
control must not have any adverse impact on the active power frequen
response of powegenerating modules;

15 2

vii

the parameters specified by the relevant TSO in accordance with point

(i), (iii) and (v) shall be notified to the relevant regulatory authority. The
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modalities of that notification shall be specified in accordance with the |
plicable national regulatory framework;

Tuble 5

Parameters for full activation of active power frequency response resulting from
frequency step change (explanation for Figure 6)

Parameters Ranges or values

. |AP,| 1,5-10 %
Active power range related to maximum capacity (frequency response range) F—'

For power-generating modules with inertia, the maximum admissible initial delay 1, unless 2 seconds
justified otherwise in line with Article 15(2)(d)i{iv)

For power-generating modules without inertia, the maximum admissible initial delay 1, | as specified by
unless justified otherwise in line with Article 15(2)(d)(iv) the relevant TSO.
Maximum admissible choice of full activation time 1, unless longer activation times are | 30 seconds

allowed by the relevant TSO for reasons of system stability

15 2

with regard to frequency restoration control, the povgemerating module
shall provide functionalities complying with specifications specified by {]
relevant TSO, aiming at restoring frequency to its nominal value or mai
taining power exchange flows beten control areas at their scheduled veé
ues;

15 2

with regard to disconnection due to underfrequency, pegenerating fa-
cilities capable of acting as a load, including hydro gstoyage power
generating facilities, shall be capable of disconnecting their load in cas
underfrequency. The requiremergferred to in this point does not exteng
to auxiliary supply;

DK1 49,0 Hz
DK2 48,5 Hz

15 2

with regard to reatime monitoring of FSM:

15 2

to monitor the operation of active power frequency response, the comn
nication interface shall be equipped to transfer in real time and in a sed
manner from the powegenerating facility to the network control centre ¢
the relevant system operator thie relevant TSO, at the request of the re|

evant system operator or the relevant TSO, at least the following signa

Krav og liste defineret frtikel 14, stk. 5, litra d) nr. i) og
ii).
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15 2 g i T status signal of FSM (on/off),

15 2 g i T scheduled active power output,

15 2 g i T actual value of the active power output,

15 2 g i T actual parameter settings for active power frequency response,

15 2 g i T droop and deadband;

15 2 g ii the relevant system operator and the relevant TSO shall specify additi{ Krav og liste defineret firtikel 14, stk. 5, litra d), nr. i) og
signals to be provided by the powgenerating facility by monitoring and | ii).
recording devices in order to verify the performance of the active powe
frequency response provision ofrfieipating powergenerating modules.

15 3 With regard to voltage stability, type C povgemerating modules shall be
capable of automatic disconnection when voltage at the connection po|
reaches levels specified by the relevant system operator in coordinatio|
with the relevant TSO.

15 3 The terms and settings for actual automatic disconnection of pgeseer- | Distributionssysterirav.
ating modules shall be specified by the relevant system operator in coq Overspaending (trin 3) = 1,2 pu i 100 ms
nation with the relevant TSO. Overspeending (trin 2) = 1,15 pu i 200 ms

Overspeending (trin 1) = 1,1 pu i 60 sekunder
Underspeaending (trin 1) = 0,9 pu i 60 sekunder

15 4 Type C powegenerating modules shall fulfil the following requirements
lating to robustness:

15 4 a in the event of power oscillations, powgenerating modules shall retain
steadystate stability when operating at any operating point of tH@-¢a-
pability diagram;

15 4 b without prejudice to paragraph 4 and 5 of Article 13, pegarerating
modules shall be capable of remaining connected to the network and g
ating without power reduction, as long as voltage and frequency remail
within the specified limits pursuant to shRegulation;

15 4 c powergenerating modules shall be capable of remaining connected to| Anleegget skal veere designet til uden afbrydelse at kur,
network during singkphase or threephase autereclosures on meshed | tolerere et momentant spaendingsfasespring pa op til 2
network lines, if applicable to the network to which they are connected] tilslutningspunktet.
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The details of that capability shall be subject to coordination and agree
ments on protection schemes and settings as referred to in point (b) of
cle 14(5).

15 5

Type C powegenerating modules shall fulfil the following requirements
lating to system restoration:

15 5

with regard to black start capability:

15 5

black start capability is not mandatory without prejudice to the Member
State's rights to introduce obligatory rules in order to ensure system se

rity;

15 5

powergenerating facility owners shall, at the request of the relevant TS
provide a quotation for providing black start capability. The relevant TS
may make such a request if it considers system security to be at risk di
a lack of black start capébyi in its control area;

15 5

a powergenerating module with black start capability shall be capable ¢
starting from shutdown without any external electrical energy supply wi
a time frame specified by the relevant system operator in coordination |
the relevant TSO;

RTSO laver behovsanalyse, arrangerer tilbudsindhenti
og indgar aftale med relevante aktgrer

15 5

a powergenerating module with black start capability shall be able to sy
chronise within the frequency limits laid down in point (a) of Article 13(J
and, where applicable, voltage limits specified by the relevant system ¢
ator or in Article 16(2);

15 5

a powergenerating module with black start capability shall be capable (
automatically regulating dips in voltage caused by connection of demali

15 5

vi

a powergenerating module with black start capability shall:

15 5

vi

T be capable of regulating load connections in block load,

15 5

vi

T be capable of operating in LF€Mand LFSN, as specified in point (c)
of paragraph 2 and Article 13(2),

15 5

vi

T control frequency in case of overfrequency and underfrequency with
the whole active power output range between minimum regulating leve)
and maximum capacity as well as at houseload level,
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15 5

Vi

T be capable of parallel operation of a few powenerating modules
within one island, and

15 5

Vi

T control voltage automatically during the system restoration phase;

15 5

with regard to the capability to take part in island operation:

15 5

powergenerating modules shall be capable of taking part in island ope
tion if required by the relevant system operator in coordination with the
relevant TSO and:

TypeD-anleeg skal kunne deltagemradeg-drift.

15 5

T the frequency limits for island operation shall be those established ir
cordance with point (a) of Article 13(1),

15 5

T the voltage limits for island operation shall be those established in af
cordance with Article 15(3) or Article 16(2), where applicable;

15 5

powergenerating modules shall be able to operate in FSM during islan|
eration, as specified in point (d) of paragraph 2.

15 5

In the event of a power surplus, powggnerating modules shall be capal
of reducing the active power output from a previous operating point to
new operating point within the-R-capability diagram. In that regard, the
powergenerating module shalelcapable of reducing active power outpl
as much as inherently technically feasible, but to at least 55 % of its m{
mum capacity;

15 5

the method for detecting a change from interconnected system operatif
to island operation shall be agreed between the pegarerating facility
owner and the relevant system operator in coordination with the releva
TSO. The agreed method of detectiorstmpot rely solely on the system
operator's switchgear position signals;

Krav fra Energinet:
9{Y/ nyRNB RNARATFTGaadl (dza
Detektering:

PMU data med @rift detekteringsmodul

15 5

powergenerating modules shall be able to operate in -BS\d LFSN
during island operation, as specified in point (c) of paragraph 2 and Art
13(2);

15 5

with regard to quick rsynchronisation capability:
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15 5

i in case of disconnection of the powggnerating module from the net-
work, the powergenerating module shall be capable of quickyechroni-
sation in line with the protection strategy agreed between the relevant {
tem operator in coordination with the efant TSO and the powgenerat-
ing facility;

Krav fra Energinet:
Hurtig gensynkronisering kraevet foiablaeg.

For transmissionstilsluttedamplacerede og/eller over;
plantede anlaeg:

For overplantede produktionsanlaeg skal minimum er|
delmaengde af anleegget kunne gensynkronisere for
returnere til driftspunktet, som det samlede anlaeg
havde i tilslutningspunktet far bortkoblingen. Produkti
onsanlaegget skal fortsat kunne overholde gvrgait
ske krav efter gensynkronisering.

For samplacerede produktionsanleeg skal produktion
anleegget bidrage til, at det samlede anleeg kan opfyl
krav om gensynkronisering. Gensynkronisering skal
ordineres for de samplacerede anlaeg.

Kravene differentieres afheengigt af, om det samlede
anleeg var i produktioreller forbrugstilstand forud for
heendelsen:

1 Hvis det samlede anleeg har vaeret i produktionstil
stand, skal det samlede anlaeg returnere til drifts-
punktet, som det samlede anlaeg havde i tilslutnin
punktet fgr bortkoblingen. Gensynkroniseringen s
ske inden for 15 minutter. Afvigelser fra driftspunk
tet tillades som falge af begreensninger i primaer
energi.
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1 Hvis det samlede anleeg har veeret i forbrugstilsta
skal udvekslingen til elforsyningssystemet forblive
indtil den relevante systemoperatgr giver tilladelsg
til @ndringer.

For at undga toggling mellem produktionstilstand og
forbrugstilstand tillades et dgdband pa +5 % af den s
ste udvekslingskapacitet.@Reller Rog), dog maksimalt
+25 MW omkring punktet for nuludveksling. | dedban
det tillades det, at det samlede anlaeg beholder samn
evne til gensynkronisering.

a powergenerating module with a minimum-synchronisation time
greater than 15 minutes after its disconnection from any external powe
supply must be designed to trip to houseload from any operating point
its RQ-capability diagram. In this case, ilentification of houseload oper|
ation must not be based solely on the system operator's switchgear po
tion signals;

powergenerating modules shall be capable of continuing operation foll
ing tripping to houseload, irrespective of any auxiliary connection to the
ternal network. The minimum operation time shall be specified by the rf
vant system operator in coordinati with the relevant TSO, taking into
consideration the specific characteristics of prime mover technology.

Synkrone produktionsanla@ min.
Ikkesynkrone produktionsanlee@ min da resynkronise-
ringstid er < 15 minutter.

Type C powegenerating modules shall fulfil the following general syste|
management requirements:

with regard to loss of angular stability or loss of control, a poeeerating
module shall be capable of disconnecting automatically from the netwg
order to help preserve system security or to prevent damage to the poy
generating module. The powgenerating facility owner and the relevant
system operator in coordination with the relevant TSO shall agree on tl

criteria for detecting loss of angular stability or loss of control;

Krav fra Energinet:

Produktionsanlaegget skal veere udstyret med beskyt-
telse til detektering af polslip eller tab af synkronisme
Ved konstateret polslip eller tab af synkronisme skal
produktionsanlaegget udkobles momentant af hensyr

15 5

15 5

15 6

15 6
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tadadnBY ytn3aaairll SNKSRSY
telsesfunktioner ma ikke pavirke produktionsanleegge
¢ C8a@SyallroSNET ARSOH Fyg
ger fastleegges pa baggrund af simulering af relevant
fejlscenarier.
15 6 b with regard to instrumentation:
15 6 b i powergenerating facilities shall be equipped with a facility to provide fg For anleeg der levere systemydelser, skal der installere
recording and monitoring of dynamic system behaviour. This facility sh] PMUenhed til verificering af den specificerede ydelse,
record the following parameters: herunder produktionsanlaeggets dynamiske respons.
15 6 b i T voltage,
15 6 b i T active power,
15 6 b i T reactive power, and
15 6 b i T frequency.
15 6 b i The relevant system operator shall have the right to specify quality of § For transmissionstilsluttedasiplacerede og/eller over-
ply parameters to be complied with on condition that reasonable prior 1| plantede anleeg:
tice is given; For samplacerede produktionsanleeg skal der opsaette!
monitorering med PMunaling.PMUenheden/
enhederne skal etableres i de fysiske tilslutninger i tilsl
ningspunktetDer skal kun etableres en enkelt PMU
enhed i hver af de fysiske tilslutningélsiutningspunktet
for det samlede anleeg, uanset krav til PmMBling for
hhv. de samplacered&oduktions, forbrugs og/eller
energilageranleeg. PMehhedens/fenhedernegekniske
specifikationer og dataudvekslingsformat fastseettes af|
den relevante systemoperatgforbindelse med nettil-
slutningsaftalen.
15 6 b ii the settings of the fault recording equipment, including triggering criteri Krav fra Energinet:
and the sampling rates shall be agreed between the poeserating facil- Logning skal realiseres via et elektronisk udstyr, der
ity owner and the relevant system operator in coordination with the rele opseettes til, som minimum, at logge relevante heend
vant TSO; ser for nedennaevnte signaler i tilslutningspunktet veg
Dok.26/068601 Offentlig/Public
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fejl i det kollektive elforsyningssystem og tilsluttet an-
leeg.

Anleegsejer skal installere et logningsudstyr, der som
nimum registrerer:

- Spaending for hver fase for anlaegget

- Strem for hver fase for anlaegget

- Aktiv effekt for anleegget (kan veere beregnede star
relse)

- Reaktiv effekt for anlaegget (kan veere beregnede st
relse)

- Frekvens for anleegget (kan veere beregnede stgrre
kan veere rotorhastighed (synkrongenerator))

- Aktivering af interne beskyttelsesfunktioner
Specifikke krav til maling, her initiering af logning, ka
beskrives i nettilslutningsaftalen.

Logningen skal udfgres som sammenhaengende tids
rier af malevaerdier med angivet tid f@r ¢g efter (+)
efter heendelsestidspunktet.

Logning af heendelser differentieres med udgangspu
anlaeggets nominelle effekt.

Falgende logninger/filer skal pa efterspargsel levereg

Nominel effekt Tidsserie [s] Type Sample-frekvens
(MWw]
Transmissions- -10 til +60 Slow scan 50 Hz, RMS-vardier

tilsluttede
produktionsanlag
Transmissions- -3 til +60 Fast scan Minimum 1 kHz

tilsluttede

produktionsanlzg
Note: Ved fast scan logges kun spaendinger og stran
Alle mélinger og data, der skal opsamles, skal logges
med en tidsstempling og en ngjagtighed, som sikrer,
disse kan korreleres médhanden og med tilsvarende
registreringer i det kollektive elforsyningssystem.
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Logningen skal arkiveres i minimum tre maneder fra
situationen, dog maksimalt op til 100 haendelser.
Den relevante DSO og/eller Energinet skal pa forlan-
gende have adgang til loggede og relevante registrer
informationer.

For transmissionstilsluttedamplacerede og/eller over
plantede anleeg:

For samplaceredproduktiorsanleeg skal der etableres
TFR. TFBnhedenfenhederneskal etableres i de fysisk
tilslutninger i tilslutningspunktet. Der skal kun etabler
enenkelt TFRenhed i hver af de fysiske tilslutninger i
slutningspunktet for det samle@mlaeg, uanset kravet
til TFR for hhv. de samplacerede produktipfsbrugs
og/ellerenergilageranleeg.

15 6

the dynamic system behaviour monitoring shall include an oscillation tr
ger specified by the relevant system operator in coordination with the rf
vant TSO, with the purpose of detecting poorly damped power oscillati(

Inkluderet i trigger signaler fra 15.6.b.ii

15 6

the facilities for quality of supply and dynamic system behaviour monit(
shall include arrangements for the powgenerating facility owner, and thq
relevant system operator and the relevant TSO to access the informatif
The communications protocolsrfrecorded data shall be agreed betweer
the powergenerating facility owner, the relevant system operator and tl
relevant TSO;

Krav fra Energinet:
Filformat COMTRADE

IEEE C37.111:1999, |IEEE Standard Common Formg
Transient Data Exchange (COMTRADE) for Power S
tems

15 6

with regard to the simulation models:

15 6

at the request of the relevant system operator or the relevant TSO, the
powergenerating facility owner shall provide simulation models which
properly reflect the behaviour of the powgenerating module in both
steady state and dynamic simulations (50d¢démponent) or in electromag|
netic transient simulations.

Krav fra Energinet:

Kravi bilag B (simuleringsmodeller).
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Ved tilslutning af produktionsanleeg i de nationale tes
centre i Havsgre og Dsterild, skal der ikke le\aneu-
leringsmodeller eftebilag B (simuleringsmodelléor
produktionsanleegget.

15 6

i The poweigenerating facility owner shall ensure that the models provid
have been verified against the results of compliance tests referred to ir
Chapters 2, 3 and 4 of Title 1V, and shall notify the results of the verific
to the relevant system opator or relevant TSO. Member States may re-
quire that such verification be carried out by an authorised certifier;

For transmissionstilsluttedamplacerede og/eller over;
plantede anlaeg:

For samplacerede og/eller overplantgat®duktiorsan-
lzeg skal simuleringsmodeller kunne repreesentere te
ske krav til anleegget samt driftsforhold forbundet me|
overplantning og samplacering. For et overplaptet
duktionsanlee@valueres ngjagtighedskrav til simule-
ringsmodellerne pa baggrund af udvekslingskapacite
(P).

Eftersom tekniske krav til et overplantet anleeg fastsa
tes med udgangspunkt i udvekslingskapaciteted)(P
vil en eendring af denne kraeve opdatering af simule-
ringsmodellerne.

For samplaceredproduktiongnlaeg skal de samplace-
rede anleeg indgé i samlede simuleringsmodeller for
hver af depakreevede modeltyper (stationzer, RMS, E
og harmonisk).

Hvis der er modstridende krav til simuleringsmodelle
for produktions, energilagerog/eller forbrugsanleeg,

som har indflydelse pa det samlede respons, skal sy
stembrugeren veelge det krav, som vil resultere i den
mest retvisende repraesentation af det samlede anlag|
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Simuleringsmodellerne skal veere retvisendgfoduk-
tionsanlaeggebg for det samlede anlaegs respons i til
slutningspunktet.

Hvisproduktiongnleegetbidrager til opfyldelse af tek-
niske krav til de gvrige samplacerede anleeg, skal de
veere inkluderet i de relevante simuleringsmodeller.

Hvis gvrige samplacerede anlaeg bidrager til opfyldel
af tekniske krav tproduktionsanleeggeskal dette veere
inkluderet i de relevante simuleringsmodeller.

Hvis det samplacerede anlaeg benytter feelles parkre
lator og/eller hjeelpeudstyr (STATCOM, synkronkompg]
sator osv.), skal disse veere inkluderet i de relevante
muleringsmodeller.

Simuleringsmodellerne skal veere repreesentative for
relevante driftsforhold inklusive selvsteendig drifped-
duktionsanlaegget

Simuleringsmodellerne skal indeholde relevante sign
og malinger foproduktionsanlzeggetamt signaler til
koordinering med gvrige anleeg og responset i tilslut-
ningspunktet

De relevante simuleringsmodeller skal indeholde alle|
skyttelsesfunktioner foproduktionsanlaeggetig det
samlede anleeg, som er relevante for det samlede an
leegs dynamiske respons i tilslutningspunktet
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Smuleringsmodellerne skal kunne afspejle interne hg
delser, som resulterer i vaesentlig eendring af aktiv eff
evalueret i tilslutningspunktet. Veesentlig aendring af
tiv effekt defineres som 50 % af starste udvekslingsk
pacitet(Peseller Rog. Dog skal alle haendelser med a
tiv effektaendring starre end 500 MW afspejles. Systs
brugerenskal redeggre for disse haendelser.

Systembrugeren skal sikre retvisende dokumentatior]
verifikation af simuleringsmodellerne faroduktionsan-
leeggetog det samplacerede anlaegs respons i tilslut-
ningspunktet. Dokumentation og verifikation skal inkl
dere angivelse af de anleeg i det samplacerede anlee
som bidrager til overholdelse af tekniske krav

Systembrugeren skal aggregere simuleringsmodeller
for det samlede anleeg i sa stor udstraekning som mu|
jf. ovenstdende. Den relevante systemoperatgr kan g
kende afvigelser fra gvrige aggregeringskrav, hvis sy
stembrugeren i tilstreekkeligt omfang kasgounde, at
en arden aggregering af simuleringsmodellerne giver|
veesentlig bedre repraesentation af det samlede anlag
respons.

15 6 ii the models provided by the powgenerating facility owner shall contain
the following submodels, depending on the existence of the individual
components:

15 6 ii T alternator and prime mover,

15 6 ii T speed and power control,

15| 6 i |t @2t4GF3S O2yGNRE X AyOfdzRAYIZT AT
function and excitation control system,
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15 6 ii T powergenerating module protection models, as agreed between the|
evant system operator and the powegenerating facility owner, and
15 6 ii T converter models for power park modules;
15 6 iii | the request by the relevant system operator referred to in point (i) shall Krav fra Energinet:
coordinated with the relevant TSO. It shall include:
Krav preeciseresirtikel 15, stk. 6, litra c), nr. i)
15 6 i | T the formatin which models are to be provided,
15 6 iii | T the provision of documentation on a model's structure and block dia;
grams,
15 6 iii | T an estimate of the minimum and maximum short circuit capacity at tf
connection point, expressed in MVA, as an equivalent of the network;
15 6 iv | the powergenerating facility owner shall provide recordings of the pews
generating module's performance to the relevant system operator or re
vant TSO if requested. The relevant system operator or relevant TSO 1
make such a request, in order to compéne response of the models with
those recordings;
15 6 with regard to the installation of devices for system operation and devi Krav fra Energinet:
for system security, if the relevant system operator or the relevant TSC
; . . o . . Systemvaern:
considers that it is necessary to install additional devices in a gamer-
ating facility in order to peerve or restore system operation or security, Forsynkrone produktionsanlaggelder Krav om syn-
the relevant system operator or relevant TSO and the pgererating fa- krongeneratorers behov for systemvaern afdeekkés
cility owner shall investigate that matter and agree on an appropriate sf tilslutningspunker tildelt
tom; Forikke-synkrone produktionsanleegelder
Et anleeg skal veere udstyret med et systemvaern, so
en ngdreguleringsfunktion, der p& baggrund af en ne
reguleringsordre meget hurtigt skal kunne regulere d
aktive effekt leveret fra et produktionsanlaeg til et elle
flere foruddefineredeastpunkter. Setpunkterne fast-
leegges aflen relevante systemoperatwed idriftseet-
telsen.
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Anleegget skal have mulighed for minimum fem forsk
ligekonfigurérbarereguleringstrin.

Som standardveerdier anbefales falgende regule-
ringstrin:

1. Til 70 % af meerkeeffekt
2. Til 50 % af meerkeeffekt
3. Til 40 % af meerkeeffekt
4. Til 25 % af meerkeeffekt
5. Til 0 % af meerkeeffekt, dvs. anleegget er stoppet.

Reguleringen skal pabegyndes inden for 1 sekund og
skal veere fuldfart indenfor 10 sekunder fra modtagel
af ordre om nedregulering.

| det tilfeelde at der til systemvaernet beordres en opr
gulering, f.eks. fra trin @5 %) til 3 (40 %), accepteres
det, at designmeessige graenser for anleeggets gener|
rer eller gvrige anleegsenheder kan give en forgget ti
for fuldfgrelse af ordren.

Automatisk nedreguleringsfunktion af aktiv effekt ved
stopvindhastighed:

Et produktionsanleeg, hvor primaer energi er vind, skg
kunnenedregulere den aktive effektproduktion, nar d
optreeder hgje vindhastigheder, inden vindmgllernes
indbyggede beskyttelsesfunktion ved hgje vindhastig|
der (stopvindhastighed) aktiveres.
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Produktionsanlaegget skal kunne regulere den aktive
fekt til en vilkarlig veerdi i intervallet fra 100 % til 10 9
Pn.

Reguleringsfunktionen skal kunne aktiveres-akigve-
res via ordrer.

Nedregulering kan foretages som en kontinuert regul
ring eller en diskret regulering.

Diskret regulering m& maksimalt have en trinstarrelse
pa 25 % af meerkeeffekten inden for det skraverede
rade vistnedenfor

kv ekt

wosd Lo

0%

o

0w

WU

I
Seopuindhasighed Vi hastghed

Nedreguleringsbandet aftales meen relevante sy-
stemoperatgived idriftsaettelse af produktionsanleeg-
get. Bredden af nedreguleringsbandet kan afhaenge
de lokale vindforhold.

Den automatiske nedreguleringsfunktion preeciseres
som minimum ved
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Vindhastighed aktivering nedregulering [m/s], Vindha
stighed- 10 % af Pn [m/s], vindhastighedutout [m/s]

For transmissionstilsluttedamplacerede og/eller over;
plantede anlaeg:
For overplantede synkrone produktionsanlzeg eller-ik
synkrone produktionsanlaeg, skaleres de foruddefine
rede reguleringstrin for systemvaernet med udvekslin
kapaciteten (3.

For samplacerede synkrone produktionsanlaeg eller
ikke-synkrone produktionsanlaeg, skal produktionsan-
laegget bidrage til, at det samlede anleeg opnar de fo
defineret reguleringstrin for effektudveksling i tilslut-
ningspunktet i tilfeelde af aktivering af systeernet. Bi-
drag fra de samplacerede anleeg skal koordineres, s3
samlede anlzeg faglger kravene til pdbegyndelse af re
lering, fuldendt regulering, reguleringstrin og ngjagtig
hed.

Kravene differentieres afhaengigt af, om det samlede
anleeg var i produktionstilstand eller forbrugstilstand
forud for aktivering af systemvaernet.

For at undga toggling mellem produktionstilstand og
forbrugstilstand, tillades et dgdband pa +5 % af den
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starste udvekslingskapacitetékeller Rog, dog maksi-
malt +25 MW, omkring punktet for nuludveksling. | dg
bandet tillades det, at det samlede anleeg fastholder
hidtidige systemvaernsindstillinger.

Produktionstilstand:

Hvis det samlede anlaeg er i produktionstilstand, skal
stemvaernet som minimum overholde fglgende krav:

a) Systemvaernet skal pa baggrund af en nedregule-
ringsordre meget hurtigt kunne regulere den aktiv
effekt leveret fra det samlede anleeg til et eller fler]
foruddefinerede seetpunkter. Saetpunkterne fastleg
ges af den relevante systemoperatar ved idriftsset
telsen.

b) Anleegget skal have mulighed for minimum fem fo
skellige konfigurérbare reguleringstrin, der som u
gangspunkt er:

1.

. Til 50 % af maerkeeffekt

. Til 40 % af maerkeeffekt

. Til 25 % af maerkeeffekt

. Til 0 % af maerkeeffekt, dvs. anleegget er stopp

a b~ wN

Til 70 % af meerkeeffekt

men ikke udkoblet.
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c) Reguleringen skal pabegyndes inden for 1 sekun
skal veere fuldfgrt inden for 10 sekunder fra moditg
gelse af ordre om nedregulering.

d) Reguleringstrinnene fastseettes af den relevante g
stemoperatgr i koordination med systembrugeren
ved eller efter indg&else af nettilslutningsaftale og
senest ved tildeling af ION.

e) Hvis der til systemvaernet beordres en opregulerir|
accepteres det, at designmeaessige greenser for ar
leeggets generatorer eller gvrige anlaegsenheder
give en forgget tid for fuldfgrelse af ordren.

Forbrugstilstand:

Hvis det samlede anlaeg er i forbrugstilstand, skal sy
stemvaernet som minimum overholde fglgende krav:

a) Systemveernet skal kunne regulere det samlede g
leegs aktive effektoptag til et af flere foruddefine-
rede reguleringstrin.

b) Det samlede anlaeg skal kunne indstilles med min
mum fem forskellige konfigurérbare reguleringstri

c) Reguleringen skal pabegyndes inden for 1 sekun
skal veere fuldfart inden for 10 sekunder fra moditg
gelse af ordre om regulering.
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d) Reguleringstrinnene fastseettes af den relevante g
stemoperatgr i koordination med systembrugeren
ved eller efter indg&else af nettilslutningsaftale og
senest ved tildeling af ION.

Hvis der i produktionsanleegget indgar produktionsen
RSNJ YSR @AYR a2Y LINAYnNNJ
tomatisk nedreguleringsfunktion af aktiv effekt ved
d02LWAYRKIF AGA3IKSRéE TDZ 39
kapaciteten (3. For produktionsanleeg bestaende a
produktionsenheder med forskellige typer af primaere
energikilder, kan den relevante systemoperatar fast-
seette en alternativ skaleringsfaktor pa baggrund af fq
holdet mellem installeret kapacitet af vindbaserede p
duktionsenheder i forhold til desamlede kapacitet af
installeret produktionskapacitet{&).

15 6 the relevant system operator shall specify, in coordination with the rele| Op: Min: 1 % afBnin

TSO, minimum and maximum limits on rates of change of active powe| Op: Max: 20 % af,Eog hgjest 60 MW/min

put (ramping limits) in both an up and down direction of change of actiy

power output for a powegeneratirg module, taking into consideration th| Ned: Min: 1 % af.fnin

specific characteristics of prime mover technology; Ned: Max: 20 % af Bog hgjest 60 MW/min
Kravene til minimum og maksimum gradienter for sen-
dring af aktiv effekt er geeldende, hvis andre betingel-
ser/regler ikke fastseetter respektigeadienter herunder
ogsa systemydelser, energimarked etc.
For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:
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Reguleringen skal forega tilnsermelsesvis linegert i regy
ringsperioden pa 1 minut undaensyntagen til energikil-
dens teknologiske karakteristika.

| forbindelse med eftervisning af krav vil den relevante
stemoperater vurdere konkreig pa baggrund af en sam
let vurdering, om afvigelsen fra lineser regulering er til-
naermelsesviineaert. Vurderingen foretages for vilkarlig
1-minuts tidsperioder med en oplgsnipg 1 sekund. Der
relevante systemoperatgr vil i vurderingen leegge vaegt
folgende:

1 Forskel mellem den tilladte maksimumgradient for
&ndring af aktiv effekt aden starste realiserede gra
dient, som er beregnet over 1 sekund.

1 Antal af evt. oscillationerne i den realiserede aktiv €
fektregulering over 1 minut.

1 Forskel mellem mindste og starste vaerdi i periodeti
den for evt. oscillationer.

1 Anleegsejers redeggrelse for afvigelsens ngdvendig
basis af anleeggetsknologiske karakteristika.

For overplantede og/eller samplacerede produktionsar]
leeg skaleres kravet til aktiv effal@mpebegraensninger
med den starste udvekslingskapacitet§eller Ro3).

Hvis produktionsanlaegget regulerer aktiv effekt samtid
med samplacerede anlaaga produktionsanleegget ikke
rampe aktiv effekt i en sddan grad, at eendring af aktiv
effektudveksling mellem elforsyningssystemet og det
samlede anleeg overstiger rampebegraensningens
maksimalveerdi i tilslutningspunktet.
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Der skal implementeres en teknisk lgsning, som koord
rer de samplacerede anlzegktiv effektregulering sale-
des, at det samlede anleeg overholder rampebegraensi
gensmaksimalveerdi.

| situationer, hvor tilgaengelighed af primaer energi ford|
sager tab af aktiv effefgroduktion,er det samlede anlaeg
ikke underlagt rampebegraensningerne. | disse situatio|
ma den totale sendring i udveksling af aktiv effekt i tilsl{
ningspunktet ikke veere stgremd Rea Hvis den totale
gendring af aktiv effekidveksling er starre endd3d skal
de samplacerede anlaeg nedregulere i det ngdvendige
omfang. Rampebegraensningenmedtages ikke i forbin-
delse med den efterfglgende opregulering af aktiv effel
produktion,nar den primaere energis tilgeengelighed ge
oprettes.

15

earthing arrangement of the neutrpbint at the network side of stepp
transformers shall comply with the specifications of the relevant systen
erator.

Stjernepunktet skal veere isoleret og fart sélledes at
det kan direkte jordes eller jordes gennem en reaktans|

@vrige krav er defineret i netdimensioneringskriterier fq
net over 100 kV.

General requirem

ents for type D powegenerating modules

16 1 In addition to fulfilling the requirements listed in Article 13, except for A
cle 13(2)(b), (6) and (7), Article 14, except for Article 14(2), and Article
except for Article 15(3), type D powgenerating modules shall fulfil the r
quirements set ouin this Article.

16 2 Type D powegenerating modules shall fulfil the following requirements
lating to voltage stability:

16 2 with regard to voltage ranges:
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without prejudice to point (a) of Article 14(3) and point (a) of paragraph
below, a powegenerating module shall be capable of staying connecte
the network and operating within the ranges of the network voltage at t
connection point, expressed bye voltage at the connection point relateg
to the reference 1 pu voltage, and for the time periods specified in Tab|
6.1 and 6.2;

6.1: (110c 300 kV)

DK1:
0,85¢ 0,90 pu/ 60 min
1,118¢ 1,15 pu/ 60 min

DK2:
1,05¢ 1,1 pu/60 min
6.2 (300g 400 kV)

DK1:
0,85¢ 0,90 pu/ 60 min
1,05¢ 1,1 pu/ 60 min

DK2:
1,05¢ 1,1 pu/ 60 min

the relevant TSO may specify shorter periods of time during which pow
generating modules shall be capable of remaining connected to the ne
work in the event of simultaneous overvoltage and underfrequency or ¢
ultaneous undervoltage and overfrequency;

notwithstanding the provisions of point (i), the relevant TSO in Spain m
require powergenerating modules to be capable of remaining connecte
to the network in the voltage range between 1,05 pu and 1,0875 pu for
unlimited period;

for the 400 kV grid voltage level (or alternatively commonly referred to
380 kV level), the reference 1 pu value is 400 kV; for other grid voltage
els, the reference 1 pu voltage may differ for each system operator in t
same synchronous area;

DK1:

1 1 puved 18 kV er 152 kV
1 1 pu ved 220 kV er 220 kV
1 1 pu ved 400 kV er 400 kV

DK2:
9 1 puved 132 kV er 138 kV

16 2

16 2

16 2

16 2
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1 1 puved 220 kV er 234 kV
1 1 pu ved 400 kV er 400 kV.
16 2 v | notwithstanding the provisions of point (i), the relevant TSOs in the Bal
synchronous area may require povgemerating modules to remain con-
nected to the 400 kV network in the voltage range limits and for the tim
periods that apply in the Continentalirope synchronous area;
Tuble 6.1
Synchronous area Voltage range Time period for operation

Continental Europe 0,85 pu-0,90 pu 60 minutes

0,90 pu-1,118 pu Unlimited

1,118 pu-1,15 pu To be specified by each TSO, but not less than 20 minutes

and not more than 60 minutes

Nordic 0,90 pu-1,05 pu Unlimited

1,05 pu-1,10 pu 60 minutes
Great Britain 0,90 pu-1,10 pu Unlimited
Ireland and Northern 0,90 pu-1,118 pu Unlimited
Ireland
Baltic 0,85 pu-0,90 pu 30 minutes

0,90 pu-1,118 pu Unlimited

L118 pu-1,15 pu 20 minutes
The table shows the minimum time periods during which a pgererat-
ing module must be capable of operating for voltages deviating from th
reference 1 pu value at the connection point without disconnecting fron
the network, where the voltage base for yaiues is from 110 kV to 300 k|
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Table 6.2
Synchronous area Voltage range Time period for operation

Continental Europe 0,85 pu-0,90 pu 60 minutes

0,90 pu-1,05 pu Unlimited

1,05 pu-1,10 pu To be specified by each TSO, but not less than 20 minutes

and not more than 60 minutes

Nordic 0,90 pu-1,05 pu Unlimited

1,05 pu-1,10 pu To be specified by each TSO, but not more than

60 minutes

Great Britain 0,90 pu-1,05 pu Unlimited

1,05 pu-1,10 pu 15 minutes
Ireland and Northern 0,90 pu-1,05 pu Unlimited
Irelan
Baltic 0,88 pu-0,90 pu 20 minutes

0,90 pu-1,097 pu Unlimited

1.097 pu-1,15 pu 20 minutes
The table shows the minimum time periods during which a poeeerat-
ing module must be capable of operating for voltages deviating from th
reference 1 pu value at the connection point without disconnecting fron
the network where the voltage base for palues is from 300 kV to 400 k\

16 2 wider voltage ranges or longer minimum time periods for operation ma Krav fra Energinet:
agreed between the relevant system operator and the peyegreratin . .
9 . . s y P p. 9 Transmissionssystemet: pt ikke relevant
facility owner in coordination with the relevant TSO. If wider voltage rar
or longer minimum times for operaticare economically and technically
feasible, the powegenerating facility owner shall not unreasonably with
hold an agreement;
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16 2 without prejudice to point (a), the relevant system operator in coordinat Krav fra Energinet:
with the relevant TSO shall have the right to specify voltages at the cor| Transmissionssystemet: ot ikke relevant
tion point at which a powegenerating module is capable of automatic di ¥ P
connection. The terms and sieigs for automatic disconnection shall be Distributionssystemskrav
agreed between the relevant system operator and the peyesrerating . . _ .
facility owner. Overspeending (trin 3) = 1,2 pu i 100 ms
Overspeending (trin 2) = 1,15 pu i 200 ms
Overspeaending (trin 1) = 1,1 pu i 60 sekunder
Underspeaending (trin 1) = 0,9 pu i 60 sekunder
16 3 Type D powegenerating modules shall fulfil the following requirements
relation to robustness:
16 3 with regard to faulride-through capability:
16 3 powergenerating modules shall be capable of staying connected to the
network and continuing to operate stably after the power system has b CEc PPM- #3-A16(3)(a)
disturbed by secured faults. That capability shall be in accordance with Spaending (pu) Tid [sekunder]
voltageagainsttime profile at the conection point for fault conditions Uret: 0 tolear 0.15
specified by the relevant TSO. U — 0 n 1_' 0’15
Clear. recl. y
The voltageagainsttime-profile shall express a lower limit of the actual UrECl: 0 trec2: 0.15
course of the phast-phase voltages on the network voltage level at thg Urecz 0,85 trecd 1,5
connection point during a symmetrical fault, as a function of time befort
during and after the fault. CEc SPGM #4-A16(3)(a)
Spaending (pu) Tid [sekunder]
That lower limit shall be specified by the relevant TSO, using the paran | Uret: 0 tclear: 0,15
ters set out in Figure 3 and within the ranges set out in Tables 7.1 and| | Uglear. 0,6 trect 0,15
for type D poweigenerating modules connected at or above the 110 kV| | Uecr: 0,6 trec2: 0,75
level. Urec2: 0,85 trec3 1,5
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That lower limit shall also be specified by the relevant TSO, using para|
ters set out in Figure 3 and within the ranges set out in Tables 3.1 and
for type D powegenerating modules connected below the 110 kV level

N ¢ PPM-#5-A16(3)(a)

Spaending (pu) Tid [sekunder]
Uret: 0 tclear 0,15
Uclear: 0 trect: 0,15
Urect 0 trec2 0,15
Urec2 0,9 trecs 1,5
N ¢ SPGM #6-A16(3)(a)

Speending (pu) Tid [sekunder]
Uret: 0 tclear 0,15
Uclear: 0,6 trect 0,15
Urect: 0,6 trec2 0,75
Urec2: 0,9 trec3 15

Spaendingens synkronkomposant skal indga ved spzer]

ingsevalueringen.

(Falgende figurer er ogsa visfénit1.1nederst)

UMFRT krav til distributionstilsluttede synkrone produk|

onsanleeg i af type B, C og D i DK1 og DK2:

o o [

Spandngsparamete (o) Tidsparametresekunder]
[ 03 o 025

[ o7 [

Vs % [
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UV-FRT krav til distributionstilsluttede iki&gnkrone pro-

duktionsanleeg i af type B, C og D i DK1 og DK2:
Sy

[

[
[ 015 [

UVFRT krav til transmissionstilsluttede synkrone prodt

tionsanlaeg i DK1:
T

[

[
U

[

UMFRT krav til transmissionstilsluttede Hskakrone pro-
duktionsanlaeg i DK1:

it
= o
T
= =
= =

UV-FRT krav til transmissionstilsluttede synkrone prodt
tionsanleeg i DK2:
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ke fr ke g e 1104) S —

UV-FRT krav til transmissionstilsluttede #slyakrone pro-

duktionsanleeg i DK2:

[ 0 ot

[

o
[ 0 [
[ s

For transmissionstilsluttedamplacerede og/eller over-
plantede anleeg:

For samplacerede ikigynkrone produktionsanleeg, er d¢
tilladt at en delmeengde g@iroduktionsanlaegget udkob-
ler. Det er en forudseetning herfor, at alle gvrige teknis|
krav under og efter haendelsen er overholdt. Dette inkly
derer at det samlede anlaeg estand til at vende tilbage
til samme driftspunkt for udveksling aftiv effekt i tilslut-
ningspunktesom fgr heendelsen, der udlgste FRT
forlgbet

16 3

ii each TSO shall specify the{faalt and postfault conditions for the fauit
ride-through capability referred to in point (iv) of Article 14(3)(a). The sy
fied prefault and posffault conditions for the faultide-through capability

shall be made publigavailable;

Kortslutningskatalagf fastleegge metode for beregning
af kortslutningseffekt samt beregner konditioner i kend
tilslutningspunkter
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Tuble 7.1

Parameters for Figure 3 for fault-ride-through capability of synchronous power-generaring
modules

Voltage parameters (pu) Time paranieters (seconds)
U 0 Ut 0,14-0,15 {or 0,14-0,25 if system protection and secure
operation so require)
Ugeart 0,25 Loert h,-0,45
Ut 0,5-0,7 Tst 107
U 0,85-0,9 (A teol5
Table 7.2

Parameters for Figure 3 for fault-ride-through capability of power park modules

Voliage parameters (pu) Time parameters (seconds)

U 0 Lot 0,14-0,15 (or 0,14-0,25 if system protection and secure
operation so require)

U !

l..“ - 1.\ jear L\:..‘: [\. 1

U 0,85 teest 1,5-3,0

at the request of a powegenerating facility owner, the relevant system d
erator shall provide the prfault and postfault conditions to be consid-
ered for faultride-through capability as an outcome of the calculations 3
the connection point as speeifl in point (iv) of Article 14(3)(a) regarding

Se artikel 14, stk. 3, litra @), nr. iv).

16 3

i pre-fault minimum short circuit capacity at each connection point ex-
pressed in MVA;

Se artikel 14, stk. 3, litra @), nr. iv).

16 3

ii pre-fault operating point of the powegenerating module expressed as a
tive power output and reactive power output at the connection point an
voltage at the connection point; and

Krav fra Energinet:

Anlaegskonditioner:

Anlaegstolerancen er specificeret vedB Ghin.

Dok.26/068601

Offentlig/Public



95/21¢C

16 3 b iii postfault minimum short circuit capacity at each connection point ex- Se artikel 14, stk. 3, litra @), nr. iv).
pressed in MVA;
16 3 c fault-ride-through capabilities in case of asymmetrical faults shall be sp| Angivne FRKrav geelder for symmetrisk og asymmetris
fied by each TSO. fejl, hvor referencen er spaendingens synkronkomposa|
Robusthedskrav overfor gentagne fejl
Det pahviler anleegsejer, at sikre produktionsanlaegget
mod mekaniske og elektriske fglgevirkninger i forbinde
med mulig genindkobling efter symmetriske savel som
asymmetriske fejl i transmissionssystemet.
Foranstaltningerne i forbindelse med dette ma ikke kor|
promittere produktionsanlaeggets specificerede gvrige
egenskaber.
16 4 Type D powegenerating modules shall fulfil the following general syste
management requirements:
16 4 a with regard to synchronisation, when starting a pogenerating module,
synchronisation shall be performed by the powenerating facility owner
only after authorisation by the relevant system operator;
16 4 b the powergenerating module shall be equipped with the necessary syn
chronisation facilities;
16 4 c synchronisation of powegenerating modules shall be possible at freque|
cies within the ranges set out in Table 2;
16 4 d the relevant system operator and the powganerating facility owner shall
agree on the settings of synchronisation devices to be concluded prior
operation of the powegenerating module. This agreement shall cover:
16 4 d i voltage;
16 4 d ii frequency;
16 4 d iii | phase angle range;
16 4 d iv | phase sequence;
16 4 d v | deviation of voltage and frequency.
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Chapter 2 Requirements for synchronous poweaenerating modules

Requirements for type B synchronous powgenerating modules

17 1 Type B synchronous powgenerating modules shall fulfil the requiremer
listed in Articles 13, except for Article 13(2)(b), and 14.
17 2 Type B synchronous powgenerating modules shall fulfil the following ag
ditional requirements relating to voltage stability:
17 2 with regard to reactive power capability, the relevant system operator g
have the right to specify the capability of a synchronous pgererating
module to provide reactive power;
17 2 with regard to the voltage control system, a synchronous paeeerating
module shall be equipped with a permanent automatic excitation contrg
system that can provide constant alternator terminal voltage at a select
setpoint without instability ovethe entire operating range of the synchro|
nous powefgenerating module.
17 3 With regard to robustness, type B synchronous pegegrerating modules | Der specificeres ikke ydenigbusthedsesponskrav end
shall be capable of providing pdatilt active power recovery. The relevall der er specificeret i de gvrige artikler.
TSO shall specify the magnitude and time for active power recovery.
Anlaegsegenskaber fosbusthedma ikke forsinkes eller
begreenses ved et specifikt design med udgangspunkt
denne artikel.
For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:
For at undga toggling mellem produktionstilstand og fo
brugstilstand, tillades et dedbapd +5%af den starste
udvekslingskapacitet{®eller Rog, dog maksimalt
+25 MW omkring punktet for nuludveksling. | dedband;
tillades det, at det samledmnlaeg beholder samme
PFAPHdstillinger.
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PFAPRarakteristikken i hvert enkelt nedenstaende til-

feelde har en nedre graense undeMW frem til T. Dette

tillader kortvarig reversering af effektretningen. Det sar|

ledeanleeg m& maksimalt reversere til det mest restrikt]

af:

1 50 pct af udvekslingskapacitetendf? produktionstil-
stand og Rbsi forbrugstilstand).

1 Udvekslingskapaciteten i den reverserede retnings (|
i forbrugstilstand elleP.psi produktionstilstand).

Det samlede anlaeg ma ikke aendre PFABRillinger un-
der PFAPResponset.

Synkrone produktionsanleeg, der samplaceres med et |
brugsanleeg eller med bade et forbrugsanleeg og et eng

lageranlaeg

For samplacerede synkrone produktionsanlaeg, skal pr
duktionsanlaegget bidrage til det samlede anlaeg efter
et indsvingningsforlgb opnar effektudvekslingen som fg
haendelsennar driftsforholdene i tilslutningspunktet er
tilbage i normaldriftsomrédet. Bidréig. de samplacerede
anlaeg skal koordineres, s& det samlede anlaeg felger |
vene tilindsvingningsforlgb, tid og ngjagtighed.
Kravene differentieres aftheaengigt af, om det samlede 3
leeg har veeret i produktionstilstamtler forbrugstilstand
forud for haendelsen.

Produktionstilstand
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Hvis det samlede anlaeg har veeret i produktionstilstang
skal det samlede anleeg overhofdégende krav til ind-
svingningsforlgb, tid og ngjagtighed:

Det samlede anlaeg skal efter et indsvingningsforlgb re
nere til samme driftspunkt agyiftstilstand som fgr heen-
delsen. Regulering af aktiv effekt skal veere udfert sent
5 sekunder efter, at driftsforholdene i tilslutningspunkte|
er tilbage i normaldriftsomradet.

Ngijagtighed for en fuldfert regulering skal veere i omra|
+5%af Riea Reguleringen

skal ske med en tilneermelsesvis konstant gradient, hv{
den aktive effekt under indsvingningsforlgbet

skal ligge inden for omradet defineret p& Figur SP1, hy

1 Toer tidspunktet, hvor driftsforholdene er tilbage i
normaldriftsomradet.

1 Tier 1 sekund efterglog er tidsfristen for handtering
af eventuel reverserinipr det samlede anleeg. Hvis
ngdvendigt, af hensyn til det synkrone produktionsg
leegsfysiske begraensninger, kan den relevante sy-
stemoperatgr aftalened systembrugeren, at Bges
op til 2 sekunder.

1 T2er 5 sekunder efteroThvor anlaegget skal veere re-
turneret til udvekslingseffektefmr haendelsen.

1 Perer udvekslingseffekten fgr haendelsen.

1 Psecvaftales mellem den relevante systemoperatar |
systembrugeren i nettilslutningsaftalemed udgangs-
punkt i Rs10g de potentielle oscillationespm an-
leegsstarrelsen kan medfare.
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Aktiv effekt

7~ _—

0 4 .
TD TT T?

Mellem

1-2 sekunder

(Figuren er ogsa vist i afshi#nederst)

Forbrugstilstand
Hvis det samlede anleeg har veeret i forbrugstilstand, sl
det samlede anlaeg overholdiglgende krav til indsving-
ningsforlgb, tid og ngjagtighed:

Det samlede anlaeg skal efter et indsvingningsforlgb re
nere til samme driftspunkt adriftstilstand som far heen-
delsen. Regulering af aktive effekt under indsvingnings
lgbetskal ligge inden for omradet defineret pa Figur SF

hvor:
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1 Toer tidspunktet hvor driftsforholdene i tilslutnings-
punktet er tilbage i normaldriftsomradet

1 Twer 1 sekund efterglog er tidsfristen for handtering
af eventuel reverserinfpr det samlede anlaeg.

1 T2er 5 sekunder efteroT

1 Tser 20 sekunder efteroT

1 Taer 30 sekunder efteroT

1 Peter udvekslingseffekten far haendelsen.

Under hele indsvingningsforlgbet indtleF det tilladt at
den faktiske effekt er ®oaf P.pamindre end Rruagtet
den nedre graense angivet i figur SP4.

Afheengig af forholdet mellemd20g Ros, kan systembru-
geren aftale med den relevansgstemoperatar, at den
gvre greense for indsvingningsforlgbet gges for at kunr
imgdega de karakteristiske oscillationer forbundet meo
synkrone produktionsanlaeg.

Aktiv effekt, w
w4t

I T T T, e T

(Figuren er ogsa vist i afshi#nederst)
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Synkrone produktionsanleedgr udelukkende samplace-
res med energilageranlaeg

Produktionstilstand
Hvis det samlede anlaeg har veeret i produktionstilstang
skal det samlede anlaeg overhofdégende krav til ind-
svingningsforlgb, tid og ngjagtighed:

Det samlede anlaeg skal efter et indsvingningsforlgb re
nere til samme driftspunkt agyiftstilstand som fgr heen-
delsen. Regulering af aktiv effekt skal vaere udfart senq
5 sekunder efter, at driftsforholdene i tilslutningspunkte
er tilbage i normaldriftsomradet.

Ngijagtighed for en fuldfert regulering skal veere i omra|
+5%af Ries Reguleringeskal ske med en tilneermelses
vis konstant gradient, hvor den aktive effekt under ind-
svingningsforlgbetkal ligge inden for omradet defineret]
pa Figur SP1, hvor:

1 Toer tidspunktet, hvor driftsforholdene er tilbage i
normaldriftsomradet.

1 Tier 1 sekund efterglog er tidsfristen for handtering
af eventuel reversering for det samlede anlaeg. Hvis
ngdvendigt, af hensyn til det synkrone produktionsg
leegs fysiske begraensninger, kan den relevante sy-
stemoperatgr aftalened systembrugeren, at Bges
op til 2 sekunder.

1 T2er 5 sekunder efteroThvor anlaegget skal veere re-
turneret til udvekslingseffektefmr haendelsen.
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1 Peter udvekslingseffekten far haendelsen.

1 Pseevaftales mellem den relevante systemoperatar |
systembrugeren i nettilslutningsaftalen med udgang
punkt i Re10g de potentielle oscillationespm an-
leegsstarrelsen kan medfare.

Aktiv effekt

Ea _—

Mellem

1-2 sekunder

(Figuren er ogsa vist i afshi# nederst)

Forbrugstilstand

Hvis det samlede anlaeg har veeret i forbrugstilstand, sl
det samlede anlaeg overholdelgende krav til indsving-
ningsforlab, tid og ngjagtighed:
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Det samlede anleeg skal efter et indsvingningsforlgb re

nere til samme udvekslingseffeld driftstilstand som far

haendelsen. Regulering af aktiv effekt skal veere udéart]

nest 5 sekunder efter, at driftsforholdene i tilslutnings-

punktet er tilbage i normaldriftsomradétgjagtighed for

en fuldfart regulering skal veere i omradet%af Rops,

med forbehold for aendring i tilgeengeligheden af prima]

energikilde. Reguleringen sklik med en tilneermelsesvi

konstant gradient, hvor den aktive effekt under indgvi

ningsforlgbeskal ligge inden for omradet defineret pa& F

gur SP5, hvor:

1 Toer tidspunktet, hvor driftsforholdene er tilbage i
normaldriftsomradet.

1 T.er 1 sekund efter TO og er tidsfristen for handterir
af eventuel reversering

9 for det samlede anleeg.

1 T2er 5 sekunder efter TO og angiver tidsfristen for
hvornar anleegget er returneret

1 til udvekslingseffekten far fejlen.

1 Perer udvekslingseffekten far fejl.

1 | forbrugstilstand: #og R er hhv. R¢+5 %af Pz
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T T T Tid

(Figuren er ogsa vist i afshi# nederst)

Requirements for

type C synchronous powgenerating modules

18

1

Type C synchronous powgenerating modules shall fulfil the requiremer]
laid down in Articles 13, 14, 15 and 17, except for Article 13(2)(b) and !
Article 14(2) and Article 17(2)(a).

18

Type C synchronous powgenerating modules shall fulfil the following ag
ditional requirements in relation to voltage stability:

18

with regard to reactive power capability, the relevant system operator r|
specify supplementary reactive power to be provided if the connection
point of a synchronous powgenerating module is neither located at the
highvoltage terminals of the stegp transformer to the voltage level of th
connection point nor at the alternator terminals, if no steptransformer
exists. This supplementary reactive power shall compensate the reacti
power demand of the higholtage line or cable between the higbltage
terminals of the stequp transformer of the synchronous powgenerating
module or its alternator terminals, if no step transformer exists, and the
connection point and shall be provided by the responsible owner of tha
line or cable;

Det pahviler anleegsejer at kompensere for anleegsinfry
strukturens reaktive effekt i situationer, hvor anleegget
udkoblet eller ikke producerer aktiv effekt.
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18 2 b with regard to reactive power capability at maximum capacity:
18 2 b i the relevant system operator in coordination with the relevant TSO sha| U-Q/Pr-egenskaber for synkrone produktionsaniseg
specify the reactive power provision capability requirements in the conf
of varying voltage. For that purpose the relevant system operator shall| DK1 for 116800 kV:
specify a lR/Pnacprofile within the boundaries of which the synchronou Yros
powergenerating module shall be capable of providing reactive power

its maximum capacity. The specifie@Pnaxprofile may take any shape, e
having regard to the potential costs of delivering the capability teigeo P
reactive power production at high voltages and reactive power consum 1008

tion at low voltages;

0,968

+ + t t
02 00 02 04 05 QPn
CE/SPGM - 110-300 kV.

(Figuren er ogsa vist i afshi® nederst)

DK2 for 116800 kV:

+ + + +
2 00 02 04 06  QPn
N/SPGM - 110 - 300 kV

(Figuren er ogsa vist i afshi® nederst)
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DK1 og DK2 f@00-400KkV:

Uroc
[pu]

4 2 o0 02 04 06 QPn
CE/SPGM - 300 - 400 kV.
N/SPGM - 300~ 400 kv

(Figuren er ogsa vist i afshi@ nederst)

For transmissionstilsluttedamplacerede og/eller over-
plantede anleeg:

For overplantede synkrone produktionsanleeg sendres
vet til reaktiv effekt, s& degpékreevede reaktive effekt
skaleres med udvekslingskapacitet{P

For samplacerede synkrone produktionsanlaeg, skal kr|
vene til reaktiv effekegenskabeopfyldes uagtet om det
samlede anleeg er i produktionstilstand eller forbrugstil{
stand.

Hvis produktionsanleegget samplaceres med energilag
anleeg, kraeves det, at reakéffekt-egenskaber for ener-
gilageranleegget og produktionsanlaegget koordineres,
det samlede anleeg kan levere den pakreevede reaktive
fekt i tilslutningspunktethenhold til kravene for produk-
tionsanlaegget.
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Hvis energilageranleegget har stgrre anlaegskapacitet ¢
produktionsanleegget, skdét samlede anlaeg veere i
stand til at levere og optage reaktiv effekt i tilslutnings-
punktetinden for arbejdsomradet angivet i Figur SP6.
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PIPyc3

Produktionstilstand

Q/fPrg3 =-0,33

-0,4 03

=02

-0,1

03 -

o
0;1

I A A

Q/fPrss =0,33

0,2 03| 04

QP63

enRee

Ao08
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Fiqur SP6

PIPp3

Forbrugstilstand
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(Figuren er ogsa vist i afshi@ nederst)

Hvis energilageranleegget har stgrre anlaegskapacitet ¢
produktionsanleegget, skdét samlede anlaeg ved maksi
mal produktion (Rs3 og forbrug (R af aktiv effekt

kunne levere og optage reaktiv effekt i tilslutningspunk
inden for arbejdsomradet angiviehedenstaende figurer.

Hvis produktionsanlaegget regulerer reaktiv effekt sami
dig med samplacerede anla@ga produktionsanleegget
ikke forarsage, at den reaktive effektveksling mellem
elforsyningssystemetg det samlede anlaeg afviger fra d
saetpunkt, som er pakraevheraf i tilslutningspunktet.

Der skal implementeres en teknisk lgsning, som koord
rer de samplacerede anleegsktiv effekiudveksling, s&
det samlede anleeg leverer den pakreevede reaktive ef

Hvis energilageranleegget har stgrre anlaegskapacitet ¢
produktionsanlaegget, og éfsluttet mellem 116300 kV i
DK1, skal det samlede anlaeg ved maksimal produktior
(Phc3 og forbrug (i3 af aktiv effekt kunne levere og op;
tage reaktiv effekt i tilslutningspunktetden for arbejds-
omradet angivet i figur SP7.
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Uroc
[pu]

t
05

Figur SP7

(Figuren er ogsa vist i afshi@ nederst)

Hvis energilageranleegget har stgrre anlaegskapacitet ¢
produktionsanlaegget, og éfsluttet mellem 116300 kV i
DK2, skal det samlede anlaeg ved maksimal produktior
(Phe9 og forbrug (i3 af aktiv effekt kunne levere og op;
tage reaktiv effekt i tilslutningspunktetden for arbejds-
omradet angivet i figur SP8.
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L
T T T
o o2

1

i

1

i
— :
1 04 T oa
P =033
Figur SP8

(Figuren er ogsa vist i afshi@ nederst)

5 QP

Hvis energilageranleegget har stgrre anlaegskapacitet ¢
produktionsanlaegget, og éfsluttet mellem 300400 kV i
enten DK1 eller DK2, skal det samlede anleeg ved mak
malproduktion (Re3 og forbrug (R af aktiv effekt
kunne levere og optage reakéffekt i tilslutningspunktet
inden for arbejdsomradet angivet i figur SP9.

Urac
Ipul

04 08
QP =037

0%

Figur SPY

(Figuren er ogsa vist i afshi® nederst)

QPagz
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18 2 b ii the U-Q/Rraxprofile shall be specified by the relevant system operator ir
coordination with the relevant TSO, in conformity with the following prir|
ples:

18 2 b i | T the UQ/Pnacprofile shall not exceed the-Q/Pnaxprofile envelope, rep-
resented by the inner envelope in Figure 7,

18 2 b i | T the dimensions of the {@/Pnacprofile envelope (Q/iRxrange and volt-
age range) shall be within the range specified for each synchronous ar
Table 8, and

18 2 b ii T the position of the WQ/Pnaxprofile envelope shall be within the limits g
the fixed outer envelope in Figure 7;

U-QJP,-profile of a synchronous power.generating module

Vipu
Fixed Outer Envelope
1,100
Inner Envelope 1
1,050 l
I Voltage Range i
1,000 |q
QP Rang: '!
950 [ i
900 l——-—-————--———.-—j
QP
850

600
-.,500
-.400

300
—,200

100

000
100
200
300
400
500
600

700

Consumption (lead) Production (lag)

The diagram represents boundaries of-@Bnaxprofile by the voltage at
the connection point, expressed by the ratio of its actual value and the
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erence 1 pu value, against the ratio of the reactive power (Q) and the 1|
mum capacity (R. The position, size and shape of the inner envelope
indicative.

Table 8

Parameters for the inner envelope in Figure 7

Synchronous area Maxinum range of QI
Continental Europe 0,95 0,225
Nordic 0.95 0,150
Synchronous area Maximum range of QP
Great Britain 0.95 0,225
Ireland and Northern Ireland 1,08 0,218
Baltic 1o 0,220

18 2

the reactive power provision capability requirement applies at the conn
tion point. For profile shapes other than rectangular, the voltage range
resents the highest and lowest values. The full reactive power range is|
therefore not expected to be avdil@ across the range of steadfate
voltages;

18 2

the synchronous powegenerating module shall be capable of moving tg
any operating point within its-Q/Praxprofile in appropriate timescales to
target values requested by the relevant system operator;

18 2

with regard to reactive power capability below maximum capacity, whe
operating at an active power output below the maximum capacity (P <
Pmay), the synchronous powayenerating modules shall be capable of opg
ating at every possible operating point in th€apability diagram of the
alternator of that synchronous powgenerating module, at least down tg
minimum stable operating level. Eveneduced active power output, re-
active power supply at the connection point shall correspond fully to-thq
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Q-capability diagram of the alternator of that synchronous pegesrerat-
ing module, taking the auxiliary supply power and the active and reacti
power losses of the stegp transformer, if applicable, into account.

Requireme

nts for

type D synchronous powgenerating modules

19

1

Type D synchronous powgenerating modules shall fulfil the requiremer
laid down in Article 13, except for Article 13(2)(b), (6) and (7), Article 14
cept for Article 14(2), Article 15, except for Article 15(3), Article 16, Arti
17, except for Artle 17(2) and Article 18.

19

Type D synchronous powgenerating modules shall fulfil the following af
ditional requirements in relation to voltage stability:

19

the parameters and settings of the components of the voltage control s
tem shall be agreed between the powgenerating facility owner and the
relevant system operator, in coordination with the relevant TSO;

Krav fra Energinet:
Se krav i afsnit 113ederst

For transmissionstilslutted@amplacerede og/eller over
plantede anleeg:

Hvisdet synkroneproduktionsanleeg samplaceres, tillaj
des det, at de samplacerede anlaeg bidrager til prody
onsanlaeggets reaktiv effekégulering. Dette tillades
under forudsaetning af, at alle bidragende anleegs reg
tiv effektbidrag koordineres og styres af én feelles pal
regulator.

19

the agreement referred to in subparagraph (a) shall cover the specifical
FyR LISNF2NXIYyOS 2F Ly Ldzi2Yl GAO
steadystate voltage and transient voltage control and the specifications
and performance of the excitatiaccontrol system. The latter shall include

19

bandwidth limitation of the output signal to ensure that the highest fre-
quency of response cannot excite torsional oscillations on other pgsver
erating modules connected to the network;

19

an underexcitation limiter to prevent the AVR from reducing the alterna
excitation to a level which would endanger synchronous stability;
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19 2 iii an overexcitation limiter to ensure that the alternator excitation is not lif
ited to less than the maximum value that can be achieved whilst ensuri
that the synchronous powagenerating module is operating within its de-|
sign limits;
19 2 iv | a stator current limiter; and
19 2 v | a PSS function to attenuate power oscillations, if the synchronous-pow| Krav fra Energinet:
generating module size is above a value of maximum capacity specifie D-anleeg.
the relevant TSO.
For transmissionstilsluttedamplacerede og/eller over
plantede anlaeg:
Hvisdet synkroneproduktionsanleeg overplantes, an-
dres kriteriet for automatisk deaktivering af PSS
funktionen til driftssituationer, hvor den aktuelle aktiv
effekt-produktion uden hensyntagen til aktiv effekt ud
vekslet i tilslutningspunktet er mindre end 20 % af pr
duktions-udvekslingskapaciteten,dd frem for produk-
tions-anlaegskapaciteten (£).
Hvisdet synkrongoroduktionsanlaeg samplaceresa
produktionsanlaegget ikke forhindre, at de samplace-
rede anleeg efterlever kravene til POD i tilslutningspu|
tet. Systembrugeren skal sikre, at der implementeres
teknisk lgsning til koordinering af det samlede anlaeg
POD, sa produktionsanleegget overieolirav om PSS
funktion og de samplacerede anlaeg overholder krav
POD.
19 3 The relevant TSO and the povggmnerating facility owner shall enter into Krav fra Energinet:
an agreement regarding technical capabilities of the payeeerating Der specificeres ikke yderlige vinkelstabilitetskrav en
module to aid angular stability under fault conditions. der er specificeret i de gvrige artikler.
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Chapter 3 Requirements for power park modules
Requirements for type B power park modules
20 1 Type B power park modules shall fulfil the requirements laid down in A
cles 13, except for Article 13(2)(b), and Article 14.
20 2 Type B power park modules shall fulfil the following additional require-
ments in relation to voltage stability:
20 2 with regard to reactive power capability, the relevant system operator g
have the right to specify the capability of a power park module to provi
reactive power;
20 2 the relevant system operator in coordination with the relevant TSO sha DK1: ¢/Ix linezer fra 0 % 100 % ved §Jdc: 0,85 pu til 0,5
have the right to specify that a power park module be capable of provid pu.
fast fault current at the connection point in case of symmetricphée)
faults, under the following coiittbns: DK2: ¢/l linezer fra 0 %100 % ved pdc: 0,90 pu til 0,5
pu.
Reguleringen skal fglge den relevante karakteristik ang
pa de to figurer herunder, for hhBK1og DK2 sa den re-
aktive tilleegsstram (synkronkomposanten) efter senes
100 ms falger karakteristikken med en tolerance pa +2|
af h. Med hensyn til symmetrisk fejlstramsinjektion, ske
spaendingen U evalueres ud fra den synkrone spaendir
komposant.
| omrade B har levering af reaktiv strgm farste prioritet
mens levering af aktiv effekt har anden prioritet.
DK1
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For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:

For overplantede ikkeynkrone produktionsanlaeg gen-
dres kravet sdledes, at den pakreevedelqy/l, og tole-
rance skaleres megskberegnet pa basis afivekslings-
kapaciteten i tilslutningspunktet{§ i stedet for In be-
regnet pa basis giroduktionsanleeggets anleegskapacite
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For samplacerede ikigynkrone produktionsanlaeg tilla-
des det, at de samplaceredalseg bidrager til opfyldelse|
af kravet tiIFFCDet er en forudseetning

herfor, atFFQra produktionsanlaegget og de bidragend
anleeg koordineresadledes, at den totaleFQ tilslutnings-
punktet fra det samledanleeg opfylder den kraevede ka;
rakteristik for produktionsanleegget.

Kravet tiFF@ortfalder, hvis det samlede anlaeg ikke hg
udvekslingskapacitét produktion (Reser lig 0).

Der skal implementeres en teknisk |gsning til koordinel
af det samlede anlaed&=Q tilslutningspunktet.

20 2 i the power park module shall be capable of activating the supply of fast
current either by:
20 2 i T ensuring the supply of the fast fault current at the connection point, (
20 2 i T measuring voltage deviations at the terminals of the individual units |
the power park module and providing a fast fault current at the termina
these units;
20 2 ii the relevant system operator in coordination with the relevant TSO shal DK1
specify: U < 0,85 pu: start
U > 0,85 pu: stop
DK2:
U < 0,90 pu: start
U > 0,90 pu: stop
Karakteristik af fast fault current er specificeret uraitir
kel 20, stk. 2, litra b)
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20 2 ii T how and when a voltage deviation is to be determined as well as the
of the voltage deviation,
20 2 ii T the characteristics of the fast fault current, including the time domair
measuring the voltage deviation and fast fault current, for which curren|
and voltage may be measured differently from the method specified in
cle 2,
20 2 ii T the timing and accuracy of the fast fault current, which may include ¢
eral stages during a fault and after its clearance;
20 2 with regard to the supply of fast fault current in case of asymmetrical (1 Ingen krav om asymmetrisk fejlstramsinjektion for nuvg
phase or Zohase) faults, the relevant system operator in coordination w| rende.
the relevant TSO shall have the right to specify a requirement for asym
rical current injection.
20 3 Type B power park modules shall fulfil the following additional require-
ments in relation to robustness:
20 3 the relevant TSO shall specify the Hastit active power recovery that the| Med henblik pa at sikre, at anleeg ikke toggler ind og u(
power park module is capable of providing and shall specify: FRTilstand, skal produktionsanleegget kunne indstilles
at blive i FRTilstandmellem 100 500 ms efter spaendin
gen i tilslutningspunktet er normaliseret i normaldriftsol
radet.
Funktionen skal kunne deaktiveres.
For distributionstilsluttede produktionsanleeg;
Skal denne funktionalitet vaere aktiveret og indstillet til
250 ms, medmindre andet aftales med Energinet.
For transmissionstilsluttede produktionsanlzeg;
Det enkelte anleeg behandles individuelt.
For ikkesynkrone produktionsanleeg af type B, C og D
geelder:
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Anlaegget skal efter et indsvingningsforlgb levere norm
produktion senest 5 sekunder efter, at driftsforholdene
tilslutningspunktet er tilbage i omradet kontinuert drift.

Ngjagtighed for en fuldfert regulering skal veere i omra|
+5 % af R, med forbehold for eendring i tilgeengelighede
af primeer energikilde.

Effektreguleringen skal ske med en tilnsermelsesvis ko
stant gradient, hvor den aktive effekt under indsvingnir|
forlgbet skal ligge indenfor omradet defineretrsden-
stadendefigur, hvor:

1 Toer tidspunktet hvor driftsforholdene er tilbage i on|
radet kontinuert drift.

1 Tier mellem 106600 ms. efter dog angiver tidspunk
tet hvor anleegget forlader FRiBtand nar funktionen
til forsinket exit af FRillstandanvendesjf. krav ne-
denfor.Hvis funktionen ikke anvendes, e~TI.

1 Tzer tidspunktet hvor anlaegget igen levere normal
produktion (kan veere op til 5 sekunder eftey. T

1 Perer normal produktion for fejl.

1 R+og R-er henholdsvis& 5 % af R.
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Akiv effekt

(Figuren er ogsa vist i afshibnederst)

Forikke-synkroneproduktionsanleeg af type D geelder de
udover:

Type Dkkesynkroneproduktionsanleeg skal veere i stan
til at lave en langsommere og kontrolleret regulering af
aktiv effekt tilbage til normal produktion. Krav til langso
PFAPR er fastlagt i nedenstaende og visep&nstaende
figur.

Tidspunktet hvor den aktive effekt er tilbage til normal

produktion, B, skal kunne indstilles til mellem 5 og 20 s
kunder med en oplgsning pa 1 sekund. Den aktive effe
ma pa intet tidspunkt under reguleringen overstige &
skal yderligere ligge inden for den gvre og nedre tolerg
som vist paedenstdenddigur.

1 Den gvre tolerance er linjen franPved B og til R-

ved & hvor
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0 Pimi er defineret som: &+ 0,5 pu,
0 P er den aktive effekt til tidspunks.T

1 Dennedretolerance er linjen fra P = 0 vedod til R-
ved T

Derudover geelder det at den maksimale gradient unde
reguleringen (mellemobg &) ikke ma overstige 2% af
Po/s.

****** M
.1 A
=

(Figuren er ogsa vist i afshibneders)

For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:

For overplantede ikkeynkrone produktionsanlaeg skale|
res PFARRravet til indsvingningsforlady ngjagtighed
med udvekslingskapaciteternép).
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For samplacerede ikigynkrone produktionsanlaeg, skal
produktionsanlaegget bidradi, at det samlede anlaeg ef|
ter et indsvingningsforlgb opnar effektudvekslingen sol
fer haendelsen, nar driftsforholdene i tilslutningspunktet
er tilbage i normaldriftsomradeBidrag fra de samplace-
rede anleeg skal koordineres, sa det samlede anleeg fg
kravenetil indsvingningsforlgb, tid og ngjagtighed.

For at undga toggling mellem produktionstilstand og fo
brugstilstand, tillades et dgdbapd +5%af den sterste
udvekslingskapacitet {Reller RPo3, dog maksimalt
+25MW omkring punktet for nuludveksling. | dgdbandé
tillades det, at det samledmnlaeg beholder samme
PFAPHhdstillinger. Afvigelser fra referencepunktet, inkl
sivereversering af effektretning, tillades som falge af b
greensninger i primeer ener@iFAPRarakteristikken har
en nedre greense under 0 MW frem ti) fivilket tillader
kortvarig reversering af effektretningen. Det samlede &
leeg mé maksimalt reverseredit mest restriktive af:
1 50 pct af udvekslingskapacitetend#? produktionstil-
stand og Rbsi forbrugstilstand).
1 Udvekslingskapaciteten i den reverserede retnings (|
i forbrugstilstand elleP.osi produktionstilstand).

Det samlede anleeg ma ikke eendre PFABSRillinger un-
der PFAPResponset.

Kravene differentieres afheengigt af, om det samlede a
leeg var i produktionller forbrugstilstandorud for
haendelsen:
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Produktionstilstand

Hvis det samlede anlaeg har veeret i produktionstilstan

skal det samlede anleeg overholdav til indsvingnings-

forlgb, tid og ngjagtighed som vist i figur SP2. Det sam

anleeg skal efter et indsvingningsforlgb returnere til

samme udvekslingseffekt og driftstilstaswm far haen-

delsen. Regulering af aktiv effekt skal veere udfart sen

5 sekunderefter, at driftsforholdene i tilslutningspunktet

er tilbage i normaldriftsomradet. Ngjagtighted en fuld-

fart regulering skal veere i omradet ¥&f Rcs med for-

behold foreendring i tilgeengeligheden af primeer energi

kilde. Reguleringen skal ske med en tilneermelsksmis

stant gradient, hvor den aktive effekt under indsvingnir|

forlgbet skal ligge inden for omradet defineret pa Figur

SP2, hvor:

1 Toer tidspunktet, hvor driftsforholdene er tilbage i
normaldriftsomradet.

1 Twer 1 sekund efterglog er tidsfristen for handtering
af eventuel reversering

9 for det samlede anleeg.

1 T2er 5 sekunder efterog angiver tidsfristen for
hvornar anleegget er returneret

1 til udvekslingseffekten far fejlen.

9 Perer udvekslingseffekten far fejl.

1 | produktionstilstand: iPog R. er hhv. R %5 pct af
Pres

9 | forbrugstilstand: Pt+ og-Rir hhv. Pre#5 pct af Ros
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At effekt F

(Figuren er ogsa vist i afstibneders)

Derudover skal det samlede anleeg veere i stand til at U
fare en langsommere og kontrolleregulering af aktiv
effekt tilbage til normal produktion. Krav til langsom
PFAPRr fastlagt i nedenstaende og vist pa Figur SP3.
svingningsforlgbet og ngjagtighskileres med udveks-
lingskapaciteten (23. Hvor Pref er udveksling til elforsy
ningssystemefar haendelsen.Pog R. er hhv. R¢+5 pct

af Rea

Tidspunktet, hvor den aktive effekt er tilbage til normal
produktion, F, skal kunne indstilleé8 mellem 5 og 20 se-
kunder med en oplgsning pa 1 sekund. Den aktive effe
ma pa intet tidspunkt under reguleringen overstige &y
skal yderligere ligge indéor den gvre og nedre toleranc

som vist pa Figur SP3:
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1 Den gvre tolerance er linjen franPved B og til R+
ved &, hvor
1. Pimit er defineret som: & + 50%af Res dog sale-
des, at It aldriger mindre end 506af Rics
2. Pejer den aktive effekt udveksling til elforsynings
systemet til tidspunko.
1 Den nedre tolerance er linjen fra P = 0 vedd'til R.
ved T

Derudover geelder, at den maksimale gradient under re
leringen (mellem dlog &) ikke ma overstige 2%af
Preds.

Med henblik pa at sikre, at anleeg ikke toggler ind og u(
FRTilstand, skal produktionsanleegdetnne indstilles til
at kunne blive i FRillstand mellem 100500 ms, efter
speendingen i tilslutningspunktet er normaliseret i norm
driftsomradet. Funktionalitetetil at blive i FRTilstand
skal kunne deaktiveres, og de enkelte anlaeg kunne be
handlesindividuelt.
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Figur 5P3

(Figuren er ogsa vist i afstibneders)

Forbrugstilstand
Hvis det samlede anlaeg har veeret i forbrugstilstand, sl

det samlede anlaeg overholdiglgende krav til indsving-
ningsforlgb, tid og ngjagtighed:

Det samlede anlaeg skal efter et indsvingningsforlgb re

nere til samme driftspunkt adriftstilstand som far heen-

delsen. Regulering af aktive effekt under indsvingnings

labetskal ligge inden for omradet defineret pa Figur SH

hvor:

1 Toer tidspunktet hvor driftsforholdene i tilslutnings-
punktet er tilbage i normaldriftsomradet

1 Tier 1 sekund efterol

1 T2er 5 sekunder efteroT

1 Tser 20 sekunder efteroT

1 Taer 30 sekunder efteroT
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1 Peter udvekslingseffekten far haendelsen.
Under hele indsvingningsforlgbet indtleF det tilladt at

den faktiske effekt er 2af P.osmindre end R uagtet
den nedre greense angivet i figur SP4.

Aktiv effekt, H w
ok 4t
s sfF,
+ H v

(Figuren er ogsa vist i afstibneders)

Seerligt for produktionsanleeg samplaceret med-dske
kront energilageranlaeg, uden forbrugsanleeg

Hvis det samlede anlaeg har veeret i forbrugstilstand, sl
det samlede anlaeg overholdelgende krav til indsving-
ningsforlab, tid og ngjagtighed:

Det samlede anlaeg skal efter et indsvingningsforlgb re
nere til samme udvekslingseffeld driftstilstand som far
haendelsen. Regulering af aktiv effekt skal veere udfart]
senest 5 sekunder efter, at driftsforholdene i tilslutningy
punktet er tilbage i normaldriftsomradet.
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Ngjagtighed for en fuldfart regulering skal vaere i omrd
+5 pct af ks, medforbehold for aendring i tilgeengelighe
den af primeer energikilde. Reguleringen skal ske
med en tilneermelsesvis konstant gradient, hvor den ak
tive effekt under indsvingningsforlghskal ligge inden for
omradet defineret pa Figur SP5, hvor:
1 Toer tidspunktet, hvor driftsforholdene er tilbage i
normaldriftsomradet.
1 Twer 1 sekund efterglog er tidsfristen for handtering
af eventuel reverserinfpr det samlede anlaeg.
1 Tz2er 5 sekunder efteroog angiver tidsfristen for

hvornar anlaegget er returnerét udvekslingseffekten
far fejlen.

1 Peter udvekslingseffekten far fejl.
1 | forbrugstilstand: fog R. er hhv. R¢+5 %af Rps

Aktiv effekt

Figur PS5

(Figuren er ogsa vist i afstibneders)
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20 3 a i when the posfault active power recovery begins, based on a voltage ci
rion;
20 3 a ii a maximum allowed time for active power recovery; and
20 3 a iii | amagnitude and accuracy for active power recovery;
20 3 b the specifications shall be in accordance with the following principles:
20 3 b i interdependency between fast fault current requirements according to
points (b) and (c) of paragraph 2 and active power recovery;
20 3 b ii dependence between active power recovery times and duration of volt;
deviations;
20 3 b iii | a specified limit of the maximum allowed time for active power recovery
20 3 b iv | adequacy between the level of voltage recovery and the minimum mag
tude for active power recovery; and
20 3 b v | adequate damping of active power oscillations.
Requirements for type C power park modules
21 1 Type C power park modules shall fulfil the requirements listed in Article
13, except for Article 13(2)(b) and (6), Article 14, except for Article 14(4
Article 15 and Article 20, except for Article 20(2)(a), unless referred to {
erwise in point (v) ofgragraph 3(d).
21 2 Type C power park modules shall fulfil the following additional require-
ments in relation to frequency stability:
21 2 a the relevant TSO shall have the right to specify that power park modulq Krav til syntetisk inerti er ikke specificeret. Behov for sy
capable of providing synthetic inertia during very fast frequency deviati| tetisk inerti vil blive pabegyndt afklaret i perioden 2Q18
2019.
21 2 b the operating principle of control systems installed to provide synthetic| n/a, jf. artikel 21, stk. 2, litra a).
ertia and the associated performance parameters shall be specified by
relevant TSO.
21 3 Type C power park modules shall fulfil the following additional require-
ments in relation to voltage stability:
Dok.26/068601 Offentlig/Public
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21 3

with regard to reactive power capability, the relevant system operator r|
specify supplementary reactive power to be provided if the connection
point of a power park module is neither located at the highage termi-
nals of the stepup transformer to thevoltage level of the connection poin
nor at the convertor terminals, if no ste transformer exists. This suppl
mentary reactive power shall compensate the reactive power demand |
the high voltage line or cable between the higbltage terminals ote
step-up transformer of the power park module or its convertor terminalg
no stepup transformer exists, and the connection point and shall be prq
vided by the responsible owner of that line or cable.

Det pahviler anleegsejer at kompensere for anleegsinfry
strukturens reaktive effekt i situationer, hvor anleegget

udkoblet eller ikke producerer aktiv effekt.

21 3

with regard to reactive power capability at maximum capacity:

21 3

the relevant system operator in coordination with the relevant TSO sha
specify the reactive power provision capability requirements in the con{
of varying voltage. To that end, it shall specify@Bmaxprofile that may
take any shape within the bondaries of which the power park module sh
be capable of providing reactive power at its maximum capacity;

(Felgende figurer er ogsa vist i afsnit 1.2 nederst)

U-Q/Pr-egenskaber foikke-synkrone produktionsanleeg

DK1 for 116800 kV:

Uroc
pul

1,118

1108 +————

————————— 1,028

I
1
|
|
|
|
1 0,968
|
|
|
|
1
|

6 04
Q/Pn=-033

06 Q/Pn
CE/PPM - 110-300 kV

DK2 for 116800 kV:
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Uroc
fpu
1,05
104 4 —————===
b i Rt 0,96
|
|
i
! 0,90
I I
I I
i i
T T it Sabriutu Stubriuiir SR S S 5
06 o4 ' 02 | gy o2 ' 01 | os aPn
Q/Pn=-0,33 Q/Pn=0,33 N/PPM - 110 - 300 kv
DK1 og DK2 for 360 kV:
Ueoc
Ipu]
1,05
104 f—————) T
———im - 0,96
)
N
i
1
4 0,90
1 1
1 1
1 1
1 1
R oritriubrinius i S s S R
Q/Pn=-0,33 Q/Pn=033 CE/PPM - 300 - 400 kV'
N/PPM - 300 -400 kv
For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:
For et samplaceret og/eller overplantet transmissionsti
sluttet ikkesynkront produktionsanleaggelder derud-
over:
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For overplantede ikksynkrone produktionsanleeg aen-
dres reaktiv effekkravet, sd depakreevede reaktive ef-
fekt skaleres med udvekslingskapaciteteajP

For samplacerede ikigynkrone produktionsanleeg skal

kravene til reaktive effektegenskatmafyldes uanset om

det samlede anlaeg er i produktionstilstand eller forbrug
tilstand.

Hvis produktionsanlaegget samplaceres med energilag
anleeg, kraeves det, at de reakteféekt-egenskaber for
energilageranleegget og produktionsanleegget koording
sdledes, at det samlede anlaeg kan levere den pakraev
reaktive effekt i tilslutningspunktetenhold til kravene
for produktionsanlaegget.

Hvis produktionsanleegget regulerer reaktiv effekt sami
dig med samplacerede anla@ga produktionsanleegget
ikke forarsage, at den reaktive effektudveksling mellen
forsyningssystemeig det samlede anlaeg afviger fra de
seetpunkt, som er pakreevkeraf i tilslutningspunktet.

Der skal implementeres en teknisk Igsning, som koord
rer de samplacerede anlaegsaktiv effekiudveksling sa-

ledes, at det samlede anlaeg leverer den pakraevede re
tive effekt.

21 3 ii the U-Q/Prnaxprofile shall be specified by each relevant system operator|
coordination with the relevant TSO in conformity with the following prin
ples:
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21 3 b ii T the U-Q/Pnaxprofile shall not exceed the-Q/Pnacprofile envelope, rep-
resented by the inner envelope in Figure 8,

21 3 b ii T the dimensions of the \Q/Pnaxprofile envelope (QiRxrange and volt-
age range) shall be within the values specified for each synchronous a
Table 9,

21 3 b i | T the position of the UQ/Praxprofile envelope shall be within the limits g
the fixed outer envelope set out in Figure 8, and

21 3 b ii T the specified LQ/Pnaxprofile may take any shape, having regard to th|

potential costs of delivering the capability to provide reactive power prd
duction at high voltages and reactive power consumption at low voltag

Figure 8
U-QJP,, -profile of a power park module
Vipu
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s e
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200
100
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The diagram represents boundaries of-@/Bmaxprofile by the voltage at
the connection point, expressed by the ratio of its actual value and its 1
ence 1 pu value, against the ratio of the reactive power (Q) and the mg
mum capacity (). The position, size and shape of the inner envelope
indicative.

Table 9

Parameters for the inner envelope in Figure 8

Maximum range of steady-

Synchronous area Maximum range of QI . H
88 O Rl man state voltage level in PU

Continental Europe 0,75 0,225

Nordic 0,95 0,150

Great Britain 0,66 0,225

Ireland and Northern Ireland 066 0,218

Baltic 0,80 0,220

21 3

the reactive power provision capability requirement applies at the conn
tion point. For profile shapes other than rectangular, the voltage range
resents the highest and lowest values. The full reactive power range is|
therefore not expected to be avdile across the range of steadtate
voltages;

21 3

with regard to reactive power capability below maximum capacity:

21 3

the relevant system operator in coordination with the relevant TSO sha
specify the reactive power provision capability requirements and shall
ify a RQ/Pmaxprofile that may take any shape within the boundaries of
which the power park module shall bapable of providing reactive powel
below maximum capacity;

P-Q/P-egenskaber foikkesynkrone produktionsanleeg
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P/Pn
1.0
408
Jos
404
402
401
06 -04 | -02 -01 00 01 o2 I o4 06 @Pn
QPn=-033 QPn=033
PF=095 PF =095

l:l | dette omrade tillades det, at de reaktive
legenskaber for PPM, kan vaere begraenset af et
educeret antal enheder i PPM som er i drift,
krundet vedligehold eller fejl

[:L\ dette omrade tillades det, at de reaktive
legenskaber for PPM, kan vere begreenset af et
educeret antal enheder i PPM som er i drift,

[prundet opstart og nedlukning som funktion af
primeer energ, vedligehold eller fejl.

For transmissionstilsluttedamplacerede og/eller over-

plantede anlaeg:

For et samplaceret og/eller overplantet transmissionsti

sluttet ikkesynkront produktionsanleeg

geelder derudover:

For overplantede ikkeynkrone produktionsanlaeg gen-
dres reaktiv effekkravet, sd depakreevede reaktive ef-
fekt skaleres med udvekslingskapaciteteajP

Dok.26/068601

Offentlig/Public



137/21C

For samplacerede ikigynkrone produktionsanlaeg skal

kravene til reaktive effektegenskatmpafyldes uanset om

det samlede anlaeg er i produktionstilstand eller forbrug
tilstand.

Reaktiv effekbgenskaber kan begraenses i henhold til
kravene for produktionsanleelgyis et reduceret antal af
produktionsenheder er i drift pd grund af opstart og ne(
lukningsom funktion af primeer energi, vedligehold elle]
fejl. Begraensning af reaktive effektegenskatbat her
folge den aktuelle produktion frem for den udvekslede
fekt.

21 3

the RQ/Prnaxprofile shall be specified by each relevant system operator
coordination with the relevant TSO, in conformity with the following prir
ples:

21 3

T the RQ/Pmaxprofile shall not exceed the@/Pmaxprofile envelope,
represented by the inner envelope in Figure 9,

21 3

T the Q/Pmax range of the®/Pmaxprofile envelope is specified for eag
synchronous area in Table 9,

21 3

T the active power range of the®/Pmaxprofile envelope at zero reac-
tive power shall be 1 pu,

21 3

1 the RQ/Pmaxprofile can be of any shape and shall include condition
for reactive power capability at zero active power, and

21 3

T the position of the f)/Pmaxprofile envelope shall be within the limits
of the fixed outer envelope set out in Figure 9;

21 3

when operating at an active power output below maximum capacity
(P<Pmax), the power park module shall be capable of providing reactiy
power at any operating point inside itSPPmaxprofile, if all units of that
power park module which generate power &ehnically available that is

to say they are not out of service due to maintenance or failure, otheny
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there may be less reactive power capability, taking into consideration tl
technical availabilities;

Figure 9

P-QIP,.-profile of a power park module
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1 [
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l :
800 1
I Inner Envelope ]
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600 1 ]
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400 1 \
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' . operation operation )
100 ]
i 1 QfPy
000 !
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] | ]
Consumption (lcad) Production {lag)

The diagram represents boundaries of@/Pnaxprofile at the connection
point by the active power, expressed by the ratio of its actual value and
maximum capacity pu, against the ratio of the reactive power (Q) and {
maximum capacity (). The position, size and shape of the inner envel
are indicative.

21 3 iv | the power park module shall be capable of moving to any operating po|
within its RQ/Pmax profile in appropriate timescales to target values re{
quested by the relevant system operator;

21 3 with regard to reactive power control modes:
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21 3

the power park module shall be capable of providing reactive power ay
matically by either voltage control mode, reactive power control mode (
power factor control mode;

21 3

for the purposes of voltage control mode, the power park module shall
capable of contributing to voltage control at the connection point by prd
sion of reactive power exchange with the network with a setpoint voltag
covering 0,95 to 1,05 pu in steps greater than 0,01 pu, with a slope hay
ing a range of at least 2 to 7 % in steps no greater than 0,5 %. The red
power output shall be zero when the grid voltage value at the connecti
point equals the voltage setpoint;

21 3

the setpoint may be operated with or without a deadband selectable in
range from zero to + 5 % of reference 1 pu network voltage in steps no
greater than 0,5 %;

21 3

following a step change in voltage, the power park module shall be cay
of achieving 90 % of the change in reactive power output within a titae
be specified by the relevant system operator in the range of 1 to 5 sec(
and must settle at the value specified by the slope within a tinoebe
specified by the relevant system operator in the range of 5 to 60 secon
with a steadystate reactive tolerance no greater than 5 % of the maxim|
reactive power. The relevant system operator shall spéEfiime specifi-
cations;

tl: 1-5 sec: t1 = 1 sek.
t2: 560 sec: t2 = 5 sek.

21 3

for the purpose of reactive power control mode, the power park modulg
shall be capable of setting the reactive power setpoint anywhere in the
active power range, specified by point (a) of Article 20(2) and by points
and (b) of Article 21(3), with sietg steps no greater than 5 MVAr or 5 %
(whichever is smaller) of full reactive power, controlling the reactive po}
at the connection point to an accuracy within plus or minus 5 MVAr or |
or minus 5 % (whichever is smaller) of the full reactive gower

21 3

vi

for the purpose of power factor control mode, the power park module s
be capable of controlling the power factor at the connection point withi

Target: Oplgsning pa 0.01

Tolerance og tid til nygstpunkt:
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the required reactive power range, specified by the relevant system op| For reguleringsfunktionen geelder, at ngjagtigheden for

tor according to point (a) of Article 20(2) or specified by points (a) and ({ fuldfart regulering, over en periode pa 1 minut, maksin

Article 21(3), with a target power factor in steps no greater than 0,01. T ma afvige 2 % af.Q

relevant system operatahall specify the target power factor value, its td

erance and the period qf time to achieve the target power factor followi Regulering til et nytestpunkt for effektfaktor skal pabe-

a sudden change of active power output. The tolerance of the target pd . )

factor shall be expressed through the tolerance afatsesponding reac- gyndes inden for 2 sekunder og skal veere fuldfart inde

) . . ) for 30 sekunder fra modtagelse af ordre cemtpunkts-

tive power. This reactive power tolerance shall be expressed by either ;

absolute value or by a percentage of the maximum reactive power of tf gendring.

power park module;

21 3 vii | the relevant system operator, in coordination with the relevant TSO an| Krav fra Energinet:

with t'he power park module own.er, shall speuf)./ which of the apove thi Driftsmode betinget af ydelseslevering.

reactive power control mode options and associated setpoints is to apy

and what further equipment is needéd make the adjustment of the rele-| Produktionstelegraf anvendes til driftg driftspunkt-

vant setpoint operable remotely; gndringer.
For et transmissionstilsluttet anlaaftypeD fastsattes
den maksimalt tilladelige stgrrelse af maskintransforr
rens/nettransformerens kortslutningsreaktans i sama|
bejde medEnerginepa baggrund af anleegsejers an-
leegsdesignstudier og stabilitetsanalyser. Den tilladel
veerdi skahftales
Hvor der anvendes viklingskobler pa maskintransfor-
mer/nettransformer, kan det aftales métherginet at
viklingskobleren m& anvendes til opfyldelse af krav ti
aktive reguleringsegenskaber.
Hvis der anvendes viklingskobler p& maskintransforn
ren/nettransformer, er anlaegsejer ansvarlig for den
rette koordinering mellem anlaeggets reaktive regule-
ringsfunktioner og viklingskoblerreguleringen.
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Normal driftsmode og setpunkter/funktionsindstillinge
fastseettes i nettilslutningsaftalen. Med henblik pa ger
dring og fjernstyring af driftsmode og justering af set-|
punkter/funktionsindstillinger, fastsaettes relevante kr
i signallisten, produktionsteledem og nettilslutningsaf-
talen.

Regulering af reaktiv effekt er betinget af levering af
dre ydelser som har prioritet.

Hvor der anvendes viklingskobler pa maskintransfor-
mer/nettransformer kan denne anvendes til opfyldels
af krav til reaktive reguleringsegenskaber, s frem dg
rige krav hertil overholdes jf. RfG artikel 21, stk. 3, lit
d), nr. ijvi). Seerligt bemzerkesav til tidsrespons i for-
bindelse med spaendingsregulering.

For transmissionstilsluttedasplacerede og/eller over;
plantede anleeg:
For samplacerede ikisynkrone produktionsanlzeg tilla|
des det, at de samplacerede anleeg bidrager til prody
onsanlaeggets reaktiv effekégulering. Dette tillades
under forudseetning af, at alle bidragende anleegs res
tiv effektbidrag koordineres og styra$ én feelles park-
regulator

21 3

with regard to prioritising active or reactive power contribution, the rele|
vant TSO shall specify whether active power contribution or reactive p(

Reaktiv strgm prioriteres
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contribution has priority during faults for which fatite-through capabil-
ity is required. If priority is given to active power contribution, this provi
has to be established no later than 150 ms from the fault inception;

21 3

with regard to power oscillations damping control, if specified by the re|
vant TSO a power park module shall be capable of contributing to dam
power oscillations. The voltage and reactive power control characterist]
of power park modules must noteetsely affect the damping of power oy
cillations.

'M0AQ STTFS1Onm2a0AattldAzy
kvenser lig med og over 0,1 Hz og op til 50,0 Hz (inklu:
ma ikke overstige den mindst restriktive af:
1 £ 0,5 % af den aktuelle effektproduktion
1 £ 0,25 % af anlaeggets nominelle effekt.
Effektoscillationer, som overskrider denne graense, ski
deempes til ovennaevnte graenseveerdier inden for 180
kunder efter overskridelsen.
Egenskab for deempning af effaldcillationer geelder for
alle spaendinger inden for det tidsubegreensede og tids
greensede driftsspeendingsomrade.
Forsyningstilsynet har ved godkendelsen sat fglgende
kédré YNF @S0G 3Int RSNI A11S 11
direkte af eendringer i tilgeengeligheden af den primeer¢
energikilde. Kravet geelder dog effektsvingninger forars
get af pludselige, kraftige sendringer i tilgeengeligheder
RSY LINAYnNI SYySNHA{Af RSdé
C2NEeéyAy3IalAtaeySi KIN @
leeggets evne til deempning af effektsvingninger eftervij
ved overensstemmelsessimuleringer, jf. artikel 55;stk.

For transmissionstilsluttedamplacerede og/eller over-
plantede anlaeg:

For overplantede og/eller samplacerede islyakrone
produktionsanleeg eendré¥0DBkravet, sa den pakraevedt
greenseveerdi for effelascillationer skaleres mesdarste
udvekslingskapaciteteniReller Rpo3).
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For samplacerede ikigynkrone produktionsanlaeg, skal
produktionsanleegget i koordinationed de gvrige sam-

placerede anlaeg sikre, at P®Mvet overholdes. Der ské
implementeres en teknisk lgsning til koordinering af de
samlede anleegs POD

Requirements for type D

power park modules

22

Type D power park modules shall fulfil the requirements listed in Articlg
13, except for Article 13(2)(b), (6) and (7), Article 14, except for Article
14(2), Article 15, except for Article 15(3), Article 16, Article 20 except f(
ticle 20(2)(a) and Adie 21.

Chapter 4 - Requirements for offshore power park modules

General provisions

23 1

The requirements set out in this Chapter apply to the connection to the|
network of A@&onnected power park modules located offshore. An AC
connected power park module located offshore which does not have al
shore connection point shall be considereda®nshore power park mod;
ule and thus shall comply with the requirements governing power park
modules situated onshore.

The offshore connection point of an-8@nected offshore power park
module shall be specified by the relevant system operator.

23 3

AGconnected offshore power park modules within the scope of this Re
lation shall be categorised in accordance with the following offshore gri
connection system configurations:

23 3 a

configuration 1: AC connection to a single onshore grid interconnectior|
point whereby one or more offshore power park modules that are interq
nected offshore to form an offshore AC system are connected to the of
shore system;

23 3 b

configuration 2: meshed AC connections whereby a number of offshorg

power park modules are interconnected offshore to form an offshore A
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system and the offshore AC system is connected to the onshore systel
two or more onshore grid interconnection points.

Freq

uency

stability requ

irements applicable to A@nnected offshore power park modules

24

The frequency stability requirements laid down respectively in Article 1
to (5), except for Article 13(2)(b), Article 15(2) and Article 21(2) shall af
to any A@onnected offshore power park module.

Voltage stability requirements applicable to A€@nnected offshore power park modules

25

1

Without prejudice to point (a) of Article 14(3) and point (a) of Article 16(
an ACGconnected offshore power park module shall be capable of stayir|
connected to the network and operating within the ranges of the netwo
voltage at the connection poirgxpressed by the voltage at the connecti(
point related to reference 1 pu voltage, and for the time periods specifi
in Table 10.

DK1:
(110¢ 300 kV)
1,118¢ 1,15 pu/ 60 min

(300¢ 400 kV)
1,05¢ 1,1 pu/ 60 min

DK2:
(300¢ 400 kV)
1,05¢ 1,1 pu/60 min

25

Notwithstanding the provisions of paragraph 1, the relevant TSO in Spi
may require A€onnected offshore power park modules to remain con-
nected to the network in the voltage range between 1,05 pu and 1,087/
for an unlimited period.

25

Notwithstanding the provisions of paragraph 1, the relevant TSOs in th
Baltic synchronous area may require é@hnected offshore power park
modules to remain connected to the 400 kV network in the voltage rant
and for the time periods that apply to ti@ontinental Europe synchronoug
area.
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Synchronous area

Voltage range

Tine period for operation

Continental Europe

0,85 pu-0,90 pu

60 minutes

0.9 pu-1118 pu (¥

Unlimited

1,118 pu-1,15 pu (*) To

be specified by each TSO, but not less than 20 minutes and not
more than 60 minutes

0,90 pu-1,05 pu (*%)

Unlimited

1,05 pu-1,10 pu (**) To

be specified by each TSO, but not less than 20 minutes and not
more than 60 minutes

Nordic

0,90 pu-1,05 pu

Unlimited

1.05 pu-1,10 pu (7)

60 minutes

1,05 pu-1,10 pu (**)

To be specified by each TSO, but not more than 60 minutes

Great Britain

0,90 pu-1,10 pu *)

Unlimited

0,90 pu-1,05 pu

Unlimited

1,05 pu-1,10 pu {

15 minutes

Ireland and Northern
Treland

0,90 pu-1,10 pu

Unlimited

Balric

0,85 pu-0,90 pu ()

30 minutes

0,90 pu-1,118 pu (%)

Unlimited

1118 pu-1.15 pu (1)

20 minutes

0,88 pu-0,90 pu [**)

20 minutes

0,90 pu-1,097 pu (**)

Unlimited

1,097 pu-1,15 pu (**}

20 minutes

*) The voltage base for pu
(%) The voltage base for pu

lues is below 300 kV.
dues is from 300 kV to 400 kv,
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The table shows the minimum period during which arcé@ected off-
shore power park module must be capable of operating over different \
age ranges deviating from the reference 1 pu value without disconnect

25 4 The voltage stability requirements specified respectively in points (b) a
(c) of Article 20(2) as well as in Article 21(3) shall apply to aognk€cted
offshore power park module.

25 5 The reactive power capability at maximum capacity specified in point (|

Article 21(3) shall apply to Acdnnected offshore power park modules, €
cept for Table 9. Instead, the requirements of Table 11 shall apply.

Table 11

Parameters for Figure 8

Synclironous area Maximum range of Q/P,..,

Continental Europe 0,75

Nordic 0,95 0,150

Great Britain (L] 0,225

Ireland and Northern Ireland 0.66 0218

Baltic 08 0,22

*) At the o
**) Atthe o

ection point for configuration |
connection point for configuration 2.

Robustness requi

rements applicable to ABGnnected offshore power park modules

26 1 The robustness requirements of powggnerating modules laid down in A
ticle 15(4) and Article 20(3) shall apply tech@nected offshore power
park modules.

26 2 The faultride-through capability requirements laid down in point (a) of A

cle 14(3) and point (a) of Article 16(3) shall apply todx@ected offshore
power park modules.

System restoratio

n requirements applicable to A©®nnected offshore power park modules

27 The system restoration requirements laid down respectively in Article 1
and Article 15(5) shall apply to-AGnnected offshore power park mod-
ules.
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ules

General system management requirements applicable to-éd&nected offshore power park mod-

28

The general system management requirements laid down in Article 14
Article 15(6) and Article 16(4) shall apply tecA@nected offshore power
park modules.

TITLE IHOPERATIONAL NOTIFICATION PROCEDURE FOR CONNECTION

Krav med godkendelse fra Forsyningstilsynet

Krav mv. uden godkendelse fra Forsyningstilsynet

Chapter 1 - Connection of new powegenerating modules

General provisions

29 1

The poweigenerating facility owner shall demonstrate to the relevant sy
tem operator that it has complied with the requirements set out in Title
of this Regulation by completing successfully the operational notificatio
procedure for connection of eagfower-generating module described in
Articles 30 to 37.

29 2

The relevant system operator shall clarify and make publicly available f
details of the operational notification procedure.

Operational notification of type A poweigenerating modules

30 1

The operational notification procedure for connection of each new type|
power-generating module shall consist of submitting an installation doc]
ment. The powegenerating facility owner shall ensure that the required
information is filled in on an instafion document obtained from the rele-
vant system operator and is submitted to the system operator. Separat]
stallation documents shall be provided for each pegaerating module
within the power generating facility.

30 1

The relevant system operator shall ensure that the required informatior|
can be submitted by third parties on behalf of the pogrenerating facility
owner.

30 2

The relevant system operator shall specify the content of the installatio
document, which shall have at least the following information:

30 2 a

the location at which the connection is made;
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30 2 b the date of the connection;

30 2 c the maximum capacity of the installation in kW;

30 2 d the type of primary energy source;

30 2 e the classification of the powgenerating module as an emerging techno
ogy according to Title VI of this Regulation;

30 2 f reference to equipment certificates issued by an authorised certifier us
for equipment that is in the site installation;

30 2 g as regards equipment used, for which an equipment certificate has not
been received, information shall be provided as directed by the relevar|
system operator; and

30 2 h the contact details of the powagenerating facility owner and the installel
and their signatures.

30 3 The poweigenerating facility owner shall ensure that the relevant syste
operator or the competent authority of the Member State is notified abd
the permanent decommissioning of a povgemnerating module in accord-
ance with national legislation.

30 3 The relevant system operator shall ensure that such notification can be

made by third parties, including aggregators.

Operational notification of type B, C and D powgenerating modules

31

The operational notification procedure for connection of each new type
C and D powegenerating module shall allow the use of equipment certi
cates issued by an authorised certifier.

Procedure for type B and C powgenerating modules

32 1

For the purpose of operational notification for connection of each new f{
B and C powegenerating module, a powgenerating module document

6Wt Da5Q0 aKl ff 0 SgerelthgFacikybdwnedte theli

relevant system operator and shall id# a statement of compliance.

32 1

For each powegenerating module within the poweenerating facility,

separate independent PGMDs shall be provided.
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32 2

The format of the PGMD and the information to be given therein shall I
specified by the relevant system operator. The relevant system operatq
shall have the right to request that the powgenerating facility owner in-
clude the following in the PGMD:

32 2

evidence of an agreement on the protection and control settings releva
to the connection point between the relevant system operator and the
powergenerating facility owner;

32 2

itemised statement of compliance;

32 2

detailed technical data of the powgenerating module with relevance to
the grid connection as specified by the relevant system operator;

32 2

equipment certificates issued by an authorised certifier in respect of po
generating modules, where these are relied upon as part of the eviden
compliance;

32 2

for Type C powegenerating modules, simulation models pursuant to po
(c) of Article 15(6);

32 2

compliance test reports demonstrating steagte and dynamic perfor-
mance as required by Chapters 2, 3 and 4 of Title IV, including use of
measured values during testing, to the level of detail required by the re
vant system operator; and

32 2

studies demonstrating steaghjate and dynamic performance as require(
by Chapters 5, 6 or 7 of Title IV, to the level of detail required by the re|
vant system operator.

32 3

The relevant system operator, on acceptance of a complete and adeq
PGMD, shall issue a final operational notification to the po®eerating
facility owner.

32 4

The poweigenerating facility owner shall notify the relevant system ope
tor or the competent authority of the Member State about the permane
decommissioning of a powgenerating module in accordance with na-
tional legislation.
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32 5 Where applicable, the relevant system operator shall ensure that the c{
missioning and decommissioning of Type B and Type C-generating
modules can be notified electronically.

32 6 Member States may provide that the PGMD shall be issued by an auth

ised certifier.

Procedure for type D po

wegenerating modules

33

The operational notification procedure for connection of each new type|
powergenerating module shall comprise:

a

SYSNBA&LFIGA2Y 2LISN} GAZ2Y I y20ATFA|

b

AYOGSNRAY 2LNIGA2YLFE y2EAFAOL GA 2]

c

FAYFE 2LSNIdA2YyFE y20AFAOFGAZ2Y

Ener

gisation operationa

| notification for type D powegenerating modules

34

1

An EON shall entitle the powgenerating facility owner to energise its in{
ternal network and auxiliaries for the powgenerating modules by using
the grid connection that is specified for the connection point.

34

An EON shall be issued by the relevant system operator, subject to col
tion of preparations including agreement on the protection and control |
tings relevant to the connection point between the relevant system ope
tor and the poweigenerating facilitpwner.

Interim operational notifi

cation for type D poweigenerating modules

35 1 An ION shall entitle the powegenerating facility owner to operate the
powergenerating module and generate power by using the grid conne(
for a limited period of time.

35 2 An ION shall be issued by the relevant system operator, subject to con|
tion of the data and study review process as required by this Article.

35 3 With regard to the data and study review, the relevant system operator|
shall have the right to request that the powgenerating facility owner pro
vide the following:

35 3 a itemised statement of compliance;
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35

detailed technical data on the powgenerating module of relevance to tH
grid connection as specified by the relevant system operator;

35

equipment certificates issued by an authorised certifier in respect of pg
generating modules, where they are relied upon as part of the evidenct
compliance;

35

simulation models, as specified by point (c) of Article 15(6) and require
the relevant system operator;

35

studies demonstrating the expected steaigite and dynamic performanc
as required by Chapter 5, 6 or 7 of Title IV; and

35

details of intended compliance tests in accordance with Chapters 2, 3 {
of Title IV.

35

The maximum period during which the povgemerating facility owner
may maintain ION status shall be 24 months. The relevant system ope|
is entitled to specify a shorter ION validity period. An extension of the |
shall be granted only if the powgenerating facility owner has made sub-
stantial progress towards full compliance. Outstanding issues shall be
clearly identified at the time of requesting extension.

35

An extension of the period during which the powgenerating facility
owner may maintain ION status, beyond the period established in para
graph 4, may be granted if a request for a derogation is made to the re
vant system operator before the expiry of tiperiod in accordance with
the derogation procedure laid down in Article 60.

Final

operational notification for type D powegenerating modules

36

1

A FON shall entitle the powgenerating facility owner to operate a powe
generating module by using the grid connection.

36

A FON shall be issued by the relevant system operator, upon prior rer
of all incompatibilities identified for the purpose of ION status and subje
to completion of the data and study review process as required by this
cle.

36

For the purposes of the data and study review, the peayegrerating facil-
ity owner must submit the following to the relevant system operator:
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36 3

an itemised statement of compliance; and

36 3 b

an update of applicable technical data, simulation models and studies {
ferred to in points (b), (d) and (e) of Article 35(3), including the use of g
measured values during testing.

36 4

If incompatibility is identified in connection with the issuing of the FON,
derogation may be granted upon a request made to the relevant systel
operator, in accordance with the derogation procedure described in Tit|
A FON shall be issued by the valat system operator if the powgener-
ating module complies with the provisions of the derogation.

36 4

Where a request for a derogation is rejected, the relevant system oper;
shall have the right to refuse to allow the operation of the pegesrerat-
ing module until the powegenerating facility owner and the relevant sys
tem operator resolve the incomphitiity and the relevant system operator
considers that the powegenerating module complies with the provisiong
of this Regulation.

36 4

If the relevant system operator and the povgemerating facility owner do
not resolve the incompatibility within a reasonable time frame, but in ar
case not later than six months after the notification of the rejection of th
request for a derogation, eh party may refer the issue for decision to th
regulatory authority.

Limited operational notif

ication for type D powegenerating modules

37 1 Powergenerating facility owners to whom a FON has been granted shg
form the relevant system operator immediately in the following circum-
stances:

37 1 a the facility is temporarily subject to either significant modification or los;
capability affecting its performance; or

37 1 b equipment failure leading to netompliance with some relevant require-
ments.

37 2 The powergenerating facility owner shall apply to the relevant system ¢

erator for a LON, if the powgenerating facility owner reasonably expec|
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the circumstances described in paragraph 1 to persist for more than th|
months.

37 3

A LON shall be issued by the relevant system operator and shall conta|
following information which shall be clearly identifiable:

37 3

the unresolved issues justifying the granting of the LON;

37 3

the responsibilities and timescales for the expected solution; and

37 3

a maximum period of validity which shall not exceed 12 months. The in
period granted may be shorter with the possibility of an extension if evi
dence is submitted to the satisfaction of the relevant system operator
demonstrating that substantial prog®has been made towards achievin
full compliance.

37 4

The FON shall be suspended during the period of validity of the LON w
regard to the items for which the LON has been issued.

37 5

A further extension of the period of validity of the LON may be granted
upon a request for a derogation made to the relevant system operator |
fore the expiry of that period, in accordance with the derogation proceg
described in Title V.

37 6

The relevant system operator shall have the right to refuse to allow the
eration of the powegenerating module, once the LON is no longer valic
such cases, the FON shall automatically become invalid.

37 7

If the relevant system operator does not grant an extension of the periq
validity of the LON in accordance with paragraph 5 or if it refuses to all|
the operation of the powegenerating module once the LON is no longe
valid in accordance with paragh 6, the powegenerating facility owner
may refer the issue for decision to the regulatory authority within six
months after the notification of the decision of the relevant system opel

tor.
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Chapter 2- Costbenefit analysis

Identification of costs and benefits of application of requirements to existing powgEnerating
modules

38 1 Prior to the application of any requirement set out in this Regulation to
isting powergenerating modules in accordance with Article 4(3), the rels
vant TSO shall undertake a qualitative comparison of costs and benefit
lated to the requirement under esideration. This comparison shall take
into account available netwotlased or markebased alternatives. The re
evant TSO may only proceed to undertake a quantitativebavetfit analy-
sis in accordance with paragraphs 2 to 5, if the qualitative coropandi-
cates that the likely benefits exceed the likely costs. If, however, the cg
deemed high or the benefit is deemed low, then the relevant TSO shall
proceed further.

38 2 Following a preparatory stage undertaken in accordance with paragrag
the relevant TSO shall carry out a quantitative-besiefit analysis of any
requirement under consideration for application to existing pegesrerat-
ing modules that have demonstrat@otential benefits as a result of the
preparatory stage according to paragraph 1.

38 3 Within three months of concluding the cdstnefit analysis, the relevant
TSO shall summarise the findings in a report which shall:

38 3 a include the cosbenefit analysis and a recommendation on how to pro-
ceed;

38 3 b include a proposal for a transitional period for applying the requirement

existing powegenerating modules. That transitional period shall not be
more than two years from the date of the decision of the regulatory aut
ity or where applicable the Mereb State on the requirement's applicabil-

ity;
38 3 c be subject to public consultation in accordance with Article 10.
38 4 No later than six months after the end of the public consultation, the re|

vant TSO shall prepare a report explaining the outcome of the consultg
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and making a proposal on the applicability of the requirement under co|
sideration to existing powegenerating modules. The report and proposa
shall be notified to the regulatory authority or, where applicable, the M¢
ber State, and the powegenerating &cility owner or, where applicable,
third party shall be informed on its content.

38 5 The proposal made by the relevant TSO to the regulatory authority or,
where applicable, the Member State pursuant to paragraph 4 shall inclj
the following:

38 5 a an operational notification procedure for demonstrating the implementg
tion of the requirements by the existing powganerating facility owner;

38 5 b a transitional period for implementing the requirements which shall takg

into account the category of the poweyenerating module as specified in
Article 5(2) and Article 23(3) and any underlying obstacles to the effici€
implementation of the equipmemnhodification/refitting.

Principles of cosbenefit

analysis

39 1

Powergenerating facility owners and DSOs including CDSOs shall ass
contribute to the cosbenefit analysis undertaken according to Articles 3
and 63 and provide the necessary data as requested by the relevant sy
operator or relevant TSO withilree months of receiving a request, unle;
agreed otherwise by the relevant TSO. For the preparation of beost
fit-analysis by a powayenerating facility owner, or prospective owner, as
sessing a potential derogation pursuant to Article 62, the aaleUSO and
DSO, including CDSO, shall assist and contribute to theosiit analysis
and provide the necessary data as requested by the pgeseerating facil-
ity owner, or the prospective owner, within three months of receiving a
quest, unless ageal otherwise by the powegenerating facility owner or
the prospective owner.

39 2

A costbenefit analysis shall be in line with the following principles:

the relevant TSO, relevant system operator, pegererating facility
owner or prospective owner shall base its ebenefit analysis on one or
more of the following calculating principles:
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39 2 a i the net present value;

39 2 a ii the return on investment;

39 2 a ii | the rate of return;

39 2 a iv | the time needed to break even;

39 2 b the relevant TSO, relevant system operator, pegererating facility
owner or prospective owner shall also quantify socioeconomic benefits
terms of improvement in security of supply and shall include at least:

39 2 b i the associated reduction in probability of loss of supply over the lifetimg
the modification;

39 b ii the probable extent and duration of such loss of supply;

39 b iii | the societal cost per hour of such loss of supply;

39 the relevant TSO, relevant system operator, pegererating facility
owner or prospective owner shall quantify the benefits to the internal m
ket in electricity, crosborder trade and integration of renewable energie
including at least:

39 2 c i the active power frequency response;

39 2 c ii the balancing reserves;

39 2 c iii | the reactive power provision;

39 2 c iv | congestion management;

39 2 c v | defence measures;

39 2 d the relevant TSO shall quantify the costs of applying the necessary rulg
existing poweigenerating modules, including at least:

39 2 d i the direct costs incurred in implementing a requirement;

39 2 d ii the costs associated with attributable loss of opportunity;

39 2 d iii | the costs associated with resulting changes in maintenance and opera]
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TITLE IVCOMPLIANCE

Krav med godkendelse fra Forsyningstilsynet

Krav mv. uden godkendelse fra Forsyningstilsynet

Chapter 1- Compliance monitoring

Responsibility of the poweigenerating facility owner

40 1 The poweigenerating facility owner shall ensure that each pegeerat-
ing module complies with the requirements applicable under this Regul
tion throughout the lifetime of the facility. For type A powenerating
modules, the powegenerating facility wner may rely upon equipment
certificates, issued as per Regulation (EC) No 765/2008.

40 2 The poweigenerating facility owner shall notify to the relevant system g
erator any planned madification of the technical capabilities of a power
generating module which may affect its compliance with the requireme
applicable under this Regulation, tef initiating that modification.

40 3 The poweigenerating facility owner shall notify the relevant system ope
tor of any operational incidents or failures of a pogenerating module
that affect its compliance with the requirements of this Regulation, with
undue delay, after the occurrea of those incidents.

40 4 The poweigenerating facility owner shall notify the relevant system ope
tor of the planned test schedules and procedures to be followed for ver
ing the compliance of a powgenerating module with the requirements ¢
this Regulation, in due time andgnrto their launch. The relevant system
operator shall approve in advance the planned test schedules and proq
dures. Such approval by the relevant system operator shall be providet
timely manner and shall not be unreasonably withheld.

40 5 The relevant system operator may participate in such tests and record
performance of the powegenerating modules.

Tasks of the relevant system operator

41 1 The relevant system operator shall assess the compliance of a-gener
ating module with the requirements applicable under this Regulation,
throughout the lifetime of the powegenerating facility. The poweener-
ating facility owner shall be informedtbe outcome of this assessment.
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41 1

For type A powegenerating modules, the relevant system operator may
rely upon equipment certificates issued by an authorised certifier for th|
assessment.

41 2

The relevant system operator shall have the right to request that the
powergenerating facility owner carry out compliance tests and simulati
according to a repeat plan or general scheme or after any failure, modi
tion or replacement of any equipmetfitat may have an impact on the
powergenerating module's compliance with the requirements of this R¢
lation.

41 2

The poweigenerating facility owner shall be informed of the outcome of
those compliance tests and simulations.

41 3

The relevant system operator shall make publicly available a list of infg
mation and documents to be provided as well as the requirements to b)
fulfilled by the poweigenerating facility owner within the framework of th
compliance process. The list slcaNer at least the following information,
documents and requirements:

41 3

all the documentation and certificates to be provided by the payeser-
ating facility owner;

41 3

details of the technical data on the powgenerating module of relevance
to the grid connection;

41 3

requirements for models for steadyate and dynamic system studies;

timeline for the provision of system data required to perform the studies

41 3

studies by the powegenerating facility owner to demonstrate the ex-
pected steadystate and dynamic performance in accordance with the re
quirements set out in Chapters 5 and 6 of Title IV;

41 3

conditions and procedures, including the scope, for registering equipm;
certificates; and

41 3

conditions and procedures for the use of relevant equipment certificate
sued by an authorised certifier by the povgemerating facility owner.
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41 4

The relevant system operator shall make public the allocation of respol
bilities between the powegenerating facility owner and the system oper
tor for compliance testing, simulation and monitoring.

41 5

The relevant system operator may totally or partially delegate the perfg
mance of its compliance monitoring to third parties. In such cases, the
vant system operator shall continue ensuring compliance with Article 1
cluding entering into confidemtity commitments with the assignee.

41 6

If compliance tests or simulations cannot be carried out as agreed bety|
the relevant system operator and the powganerating facility owner due

to reasons attributable to the relevant system operator, then the releva
system operator shall not unreasably withhold the operational notifica-

tion referred to in Title III.

Common provisio

ns for compliance testing

42 1

Testing of the performance of individual povgemnerating modules within
a powergenerating facility shall aim at demonstrating that the require-
ments of this Regulation have been complied with.

42 2

Notwithstanding the minimum requirements for compliance testing set
in this Regulation, the relevant system operator is entitled to:

42 2 a

allow the poweigenerating facility owner to carry out an alternative set {
tests, provided that those tests are efficient and suffice to demonstrate
a powergenerating module complies with the requirements of this Reg
tion;

42 2 b

require the poweigenerating facility owner to carry out additional or alte
native sets of tests in those cases where the information supplied to th
evant system operator in relation to compliance testing under the provi
sions of Chapter 2, 3 or 4 ofl&ilV, is not sufficient to demonstrate comp
ance with the requirements of this Regulation; and

42 2 c

require the poweigenerating facility owner to carry out appropriate tests
in order to demonstrate a powegenerating module's performance when

operating on alternative fuels or fuel mixes. The relevant system opera
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and the powergenerating facility owner shall agree on which types of fu
are to be tested.

42 3 The powegenerating facility owner is responsible for carrying out the t¢
in accordance with the conditions laid down in Chapters 2, 3 and 4 of T
IV. The relevant system operator shall cooperate and not unduly delay
performance of the tests.

42 4 The relevant system operator may participate in the compliance testing

ther on site or remotely from the system operator's control centre. For {
purpose, the powegenerating facility owner shall provide the monitoring
equipment necessary to record edlevant test signals and measurement
as well as ensure that the necessary representatives of the gyenerat-
ing facility owner are available on site for the entire testing period. Sign
specified by the relevant system operator shall be providéariselected
tests, the system operator wishes to use its own equipment to record p
formance. The relevant system operator has sole discretion to decide
its participation.

Common provisio

ns on compliance simulation

43 1

Simulation of the performance of individual povgenmerating modules
within a powergenerating facility shall aim at demonstrating that the re-
quirements of this Regulation have been fulfilled.

43 2

Notwithstanding the minimum requirements set out in this Regulation fi
compliance simulation, the relevant system operator may:

43 2 a

allow the poweigenerating facility owner to carry out an alternative set {
simulations, provided that those simulations are efficient and suffice to
demonstrate that a powegenerating module complies with the require-
ments of this Regulation or with natial legislation; and

43 2 b

require the poweigenerating facility owner to carry out additional or alte
native sets of simulations in those cases where the information supplie
the relevant system operator in relation to compliance simulation undel
the provisions of Chapter 5, 6 of Title IV, is not sufficient to demon-
strate compliance with the requirements of this Regulation.
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43 3

To demonstrate compliance with the requirements of this Regulation, tl
powergenerating facility owner shall provide a report with the simulatio
results for each individual powgenerating module within the poween-
erating facility. The powegeneratirg facility owner shall produce and pro
vide a validated simulation model for a given pewenerating module.
The scope of the simulation models is set out in point (c) of Article 15(€

43 4

The relevant system operator shall have the right to check that a powe
generating module complies with the requirements of this Regulation b
carrying out its own compliance simulations based on the provided sim
tion reports, simulation models and cornapice test measurements.

43 5

The relevant system operator shall provide the pegesrerating facility
owner with technical data and a simulation model of the network, to the
extent necessary to carry out the requested simulations in accordance
Chapter 5, 6 or 7 of Title IV.

Chapter 2 Compliance testing for synchronous powegenerating modules

Compliance tests for type B synchronous powggnerating modules

44 1

Powergenerating facility owners shall undertake LESkésponse compli-
ance tests in relation to type B synchronous pegererating modules.

44 1

Instead of carrying out the relevant test, povgemnerating facility owners
may rely upon equipment certificates issued by an authorised certifier {
demonstrate compliance with the relevant requirement. In such a case
equipment certificates shall Fovided to the relevant system operator.

44 2

The following requirements with regard to the LFS¥esponse test shall
apply:

44 2

the powergenerating module's technical capability to continuously mod
late active power to contribute to frequency control in case of any large
crease of frequency in the system shall be demonstrated. The st&ady
parameters of regulations, suchd®op and deadband, and dynamic pa-
rameters, including frequency step change response shall be verified;
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44

the test shall be carried out by simulating frequency steps and ramps b
enough to trigger at least 10 % of maximum capacity change in active
power, taking into account the droop settings and the deadband. If re-
quired, simulated frequency deviation signsihall be injected simultane-
ously at both the speed governor and load controller of the control sys-
tems, taking into account the scheme of those control systems;

44

the test shall be deemed successful if the following conditions are fulfill

44

the test results, for both dynamic and static parameters, meet the requi
ments set out in Article 13(2); and

44

2 [+

undamped oscillations do not occur after the step change response.

Com

pliance tests

for type C synchronous powggnerating modules

45

1

In addition to the compliance tests for type B synchronous pgewrerat-
ing modules described in Article 44, powgenerating facility owners shall
undertake the compliance tests set out in paragraphs 2, 3, 4 and 6 of tl
Article in relation to type C sgfronous powegenerating modules. Wherg
a powergenerating module provides black start capability, peyesrerat-
ing facility owners shall also undertake the tests referred to in paragrap
Instead of the relevant test, the powgenerating facility owrrenay use
equipment certificates issued by an authorised certifier to demonstrate
compliance with the relevant requirement. In that case, the equipment
tificates shall be provided to the relevant system operator.

45

The following requirements with regard to the LRSesponse test shall
apply:

45

it shall demonstrate that the powgenerating module is technically capa
ble of continuously modulating active power at operating points below

maximum capacity to contribute to frequency control in case of a large
quency drop in the system;

45

the test shall be carried out by simulating appropriate active power loag
points, with low frequency steps and ramps big enough to trigger active

power change of at least 10 % of maximum capacity, taking into accou
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the droop settings and the deadband. If required, simulated frequency
ation signals shall be injected simultaneously into both the speed gove
and the load controller references;

45 2

the test shall be deemed successful if the following conditions are fulffill

45 2

the test results, for both dynamic and static parameters, comply with pq
(c) of Article 15(2); and

45 2

undamped oscillations do not occur after the step change response.

45 3

The following requirements with regard to the FSM response test shall
ply:

45 3

it shall demonstrate that the powenerating module is technically capa
ble of continuously modulating active power over the full operating rang
between maximum capacity and minimum regulating level to contribute
frequency control. The steadyate paameters of regulations, such as
droop and deadband and dynamic parameters, including robustness
through frequency step change response and large, fast frequency dey
tions shall be verified,;

45 3

the test shall be carried out by simulating frequency steps and ramps b
enough to trigger the whole active power frequency response range, tg
into account the settings of droop and deadband, as well as the capabi
to actually increase or decreasetive power output from the respective
operating point. If required, simulated frequency deviation signals shall
injected simultaneously into the references of both the speed governor|
the load controller of the unit or plant control system;

45 3

the test shall be deemed successful if the following conditions are fulffill

45 3

the activation time of full active power frequency response range as a |
of a frequency step change is no longer than required by point (d) of Al
15(2);

45 3

undamped oscillations do not occur after the step change response;

45 3

the initial delay time complies with point (d) of Article 15(2);
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45 3 iv | the droop settings are available within the range specified in point (d)
ticle 15(2) and the deadband (threshold) is not higher than the value sy
fied in that Article; and

45 3 v | the insensitivity of active power frequency response at any relevant op|
ing point does not exceed the requirements set out in point (d) of Articls
15(2).

45 4 With regard to the frequency restoration control test the following requi
ments shall apply:

45 4 the powergenerating module's technical capability to participate in fre-
quency restoration control shall be demonstrated and the cooperation {
FSM and frequency restoration control shall be checked;

45 4 the test shall be deemed successful if the results, for both dynamic and
static parameters, comply with the requirements of point (e) of Article
15(2).

45 5 With regard to the black start capability test the following requirements
shall apply:

45 5 for powergenerating modules with black start capability, this technical {
pability to start from shut down without any external electrical energy s
ply shall be demonstrated;

45 5 the test shall be deemed successful if the stiartime is kept within the
time frame set out in point (iii) of Article 15(5)(a).

45 6 With regard to the tripping to houseload test the following requirementg
shall apply:

45 6 the powergenerating modules' technical capability to trip to and stably |
erate on house load shall be demonstrated;

45 6 the test shall be carried out at the maximum capacity and nominal read
power of the poweigenerating module before load shedding;

45 6 the relevant system operator shall have the right to set additional cond|
tions, taking into account point (c) of Article 15(5);

45 6 the test shall be deemed successful if tripping to house load is succesq
stable houseload operation has been demonstrated in the time period !
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out in point (c) of Article 15(5) and-sgnchronisation to the network has
been performed successfully.

45 7 With regard to the reactive power capability test the following require-
ments shall apply:

45 7 a the powergenerating module's technical capability to provide leading a
lagging reactive power capability in accordance with points (b) and (c)
ticle 18(2) shall be demonstrated;

45 7 b the test shall be deemed successful if the following conditions are fulfill

45 7 b i the powergenerating module operates at maximum reactive power for
least one hour, both leading and lagging, at:

45 7 b i T minimum stable operating level,

45 7 b i T maximum capacity, and

45 7 b i T an active power operating point between those maximum and minin
levels;

45 7 b ii the powergenerating module's capability to change to any reactive pow
target value within the agreed or decided reactive power range shall be
demonstrated.

Compliance tests for type D synchronous powgenerating modules

46 1 Type D synchronous powgenerating modules are subject to the compli
ance tests for type B and C synchronous payegrerating modules de-
scribed in Articles 44 and 45.

46 2 Instead of the relevant test, the powgenerating facility owner may use

equipment certificates issued by an authorised certifier to demonstrate
compliance with the relevant requirement. In such a case, the equipme
certificates shall be provided to thelevant system operator.

Chapter 3 Compliance t

esting for power park modules

Compliance tests for type B power park modules
47 1 Powergenerating facility owners shall undertake LESksponse compli-
ance tests in relation to type B power park modules.
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47

Instead of the relevant test, the powgenerating facility owner may use

equipment certificates issued by an authorised certifier to demonstrate
compliance with the relevant requirement. In that case, the equipment
tificates shall be provided to thelesant system operator.

47

With regard to type B power park modules, the LiEBMsponse tests sha
reflect the choice of control scheme selected by the relevant system oy
tor.

47

With regard to the LFSK2 response tests the following requirements shy
apply:

47

the power park module's technical capability to continuously modulate
tive power to contribute to frequency control in case of increase of fre-
quency in the system shall be demonstrated. The stetalg parameters
of regulations, such as droop and deaultheand dynamic parameters sha
be verified;

47

the test shall be carried out by simulating frequency steps and ramps b
enough to trigger at least 10 % of maximum capacity change in active

power, taking into account the droop settings and the deadband. To pe
form this test simulated frequency deviatisignals shall be injected simu
taneously into the control system references;

47

the test shall be deemed successful in the event that the test results, fq
both dynamic and static parameters, comply with the requirements set
in Article 13(2).

Com

pliance tests

for type C power park modules

48

1

In addition to the compliance tests for type B power park modules de-
scribed in Article 47, powgenerating facility owners shall undertake the
compliance tests set out in paragraphs 2 to 9 in relation to type C powe
park modules. Instead of the relevaest, the powergenerating facility
owner may use equipment certificates issued by an authorised certifier
demonstrate compliance with the relevant requirement. In such a case

equipment certificate shall be provided to the relevant system operator
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48 2 With regard to the active power controllability and control range test thq
following requirements shall apply:

48 2 the power park module's technical capability to operate at a load level |
low the setpoint set by the relevant system operator or the relevant TS
shall be demonstrated;

48 2 the test shall be deemed successful if the following conditions are fulffill

48 2 i the load level of the power park module is kept below the setpoint;

48 2 ii the setpoint is implemented according to the requirements laid down in
ticle 15(2)(a); and

48 2 iii | the accuracy of the regulation complies with the value specified in poin|
of Article 15(2).

48 3 With regard to the LFSM response test the following requirements shal
apply:

48 3 the power park module's technical capability to continuously modulate
tive power to contribute to frequency control in case of a large frequeng
drop in the system shall be demonstrated;

48 3 the test shall be carried out by simulating the frequency steps and ram|
big enough to trigger at least 10 % of maximum capacity active power
change with a starting point of no more than 80 % of maximum capacit
taking into account the droop settings athé deadband;

48 3 the test shall be deemed successful if the following conditions are fulffill
48 3 i the test results, for both dynamic and static parameters, comply with th
requirements laid down in Article 15(2)(c); and

48 3 ii undamped oscillations do not occur after the step change response.

48 4 With regard to the FSM response test the following requirements shall
ply:

48 4 the power park module's technical capability to continuously modulate
tive power over the full operating range between maximum capacity ar|
minimum regulating level to contribute to frequency control shall be
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demonstrated. The steaestate parameters of regulations, such as inser|
tivity, droop, deadband and range of regulation, as well as dynamic pai
ters, including frequency step change response shall be verified;

48 | 4

the test shall be carried out by simulating frequency steps and ramps b
enough to trigger the whole active power frequency response range, tg
into account the droop settings and the deadband. Simulated frequenc|
viation signals shall be injectedperform the test;

48 4

the test shall be deemed successful if the following conditions are fulfill

48 4

the activation time of the full active power frequency response range a
result of a frequency step change is no longer than that required by po
(d) of Article 15(2);

48 4

undamped oscillations do not occur after the step change response;

48 4

the initial delay is in line with point (d) of Article 15(2);

48 4

the droop settings are available within the ranges specified in point (d)
Article 15(2) and the deadband (threshold) is not higher than the value
sen by the relevant TSO; and

48 | 4

the insensitivity of active power frequency response does not exceed tl
requirement set out in point (d) of Article 15(2).

48 5

With regard to the frequency restoration control test the following requi
ments shall apply:

48 5

the power park module's technical capability to participate in frequency
restoration control shall be demonstrated. The cooperation of both FSN
and frequency restoration control shall be checked;

48 5

the test shall be deemed successful if the results for both dynamic and
static parameters comply with the requirements of point (e) of Article
15(2).

48 6

With regard to the reactive power capability test the following require-
ments shall apply:

48 6

the power park module's technical capability to provide leading and lag
reactive power capability in accordance with points (b) and (c) of Articlg

21(3) shall be demonstrated;
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48 6 b it shall be carried out at maximum reactive power, both leading and lag
and shall verify the following parameters:

48 6 b i operation in excess of 60 % of maximum capacity for 30 min;

48 6 b ii operation within the range of 380 % of maximum capacity for 30 min; a

48 6 b iii | operation within the range of 120 % of maximum capacity for 60 min;

48 6 c the test shall be deemed successful if the following criteria are fulfilled:

48 6 c i the power park module operates for a duration no shorter than the re-
quested duration at maximum reactive power, both leading and lagging
each parameter specified in paragraph 6(b);

48 6 c ii the power park module's capability to change to any reactive power tar
value within the agreed or decided reactive power range is demonstrat
and

48 6 c iii | no protection action takes place within the operation limits specified by
reactive power capacity diagram.

48 7 With regard to the voltage control mode test the following requirementg
shall apply:

48 7 a the power park module's capability to operate in voltage control mode ||
ferred to in the conditions set out in points (ii) to (iv) of Article 21(3)(d) ¢
be demonstrated;

48 7 b The voltage control mode test shall verify the following parameters:

48 7 b i the implemented slope and deadband according to Article 21(3)(d)(iii);

48 7 b ii the accuracy of the regulation;

48 7 b iii | the insensitivity of the regulation; and

48 7 b iv | the time of reactive power activation;

48 7 c The test shall be deemed successful if the following conditions are fulfi

48 7 c i the range of regulation and adjustable droop and deadband complies V|
the agreed or decided characteristic parameters set out in point (d) of 4
cle 21(3);

48 7 c ii the insensitivity of voltage control is not higher than 0,01 pu, in accordz
with point (d) of Article 21(3); and
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48 7 c iii | following a step change in voltage, 90 % of the change in reactive pow
output has been achieved within the times and tolerances specified in |
(d) of Article 21(3).

48 8 With regard to the reactive power control mode test the following requil
ments shall apply:

48 8 a the power park module's capability to operate in reactive power control
mode, in accordance with point (v) of Article 21(3)(d), shall be demon-
strated,;

48 8 b the reactive power control mode test shall be complementary to the red
tive power capability test;

48 8 c the reactive power control mode test shall verify the following paramete

48 8 c i the reactive power setpoint range and increment;

48 8 c ii the accuracy of the regulation; and

48 8 c iii | the time of reactive power activation.

48 8 d the test shall be deemed successful if the following conditions are fulffill

48 8 d i the reactive power setpoint range and increment are ensured in accorg
ance with point (d) of Article 21(3); and

48 8 d ii the accuracy of the regulation complies with the conditions set out in p{
(d) of Article 21(3).

48 9 a With regard to the power factor control mode test the following require-|
ments shall apply:

48 9 a the power park module's capability to operate in power factor control
mode in accordance with point (vi) of Article 21(3)(d) shall be demon-
strated;

48 9 b the power factor control mode test shall verify the following parameters

48 9 b i the power factor setpoint range;

48 9 b ii the accuracy of the regulation; and

48 9 b iii | the response of reactive power due to step change of active power;

48 9 c the test shall be deemed successful if the following conditions are cum
tively fulfilled:
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48 9 i the power factor setpoint range and increment are ensured in accordat|
with point (d) of Article 21(3);

48 9 ii the time of reactive power activation as a result of step active power
change does not exceed the requirement laid down in point (d) of Artic
21(3); and

48 9 iii | the accuracy of the regulation complies with the value specified in poin
of Article 21(3).

48 | 10 With regard to the tests referred to in paragraphs 7, 8 and 9, the relevg
system operator may select only one of the three control options for te
ing.

Compliance tests for type D power park modules

49 1 Type D power park modules are subject to the compliance tests for typ
and C power park modules in accordance with the conditions set out in
cles 47 and 48.

49 2 Instead of the relevant test, the powgenerating facility owner may use

equipment certificates issued by an authorised certifier to demonstrate
compliance with the relevant requirement. In that case, the equipment
tificates shall be provided to thelewant system operator.

Chapter 4 Compliance testing for offshore power park modules

Compliance tests for offshore power park modules

50

The compliance tests established in Article 44(2), as well as in paragra|
3,4,5,7,8and 9 of Article 48 shall apply to offshore power park modd

Chapter 5 Compliance simulations for synchronous powgenerating modules

Compliance simulations for type B synchronous powggenerating modules
51 1 Powergenerating facility owners shall undertake LESkésponse simula-
tions in relation to type B synchronous povgenerating modules. Instead|
of the relevant simulations, the powgenerating facility owner may use
equipment certificates issued by artlaarised certifier to demonstrate
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compliance with the relevant requirement. In that case, the equipment
tificates shall be provided to the relevant system operator.

51 2

With regard to the LFSK2 response simulation the following requiremen
shall apply:

51 2

the powergenerating module's capability to modulate active power at h
frequency in accordance with Article 13(2) shall be demonstrated by sif
lation;

51 2

the simulation shall be carried out by means of high frequency steps al
ramps reaching minimum regulating level, taking into account the droo|
settings and the deadband;

51 2

the simulation shall be deemed successful in the event that:

51 2

the simulation model of the pow@enerating module is validated agains]
the compliance test for LFS®response described in Article 44(2); and

51 2

compliance with the requirement set out in Article 13(2) is demonstrate

51 3

With regard to the simulation of faufide-through capability of type B syn|
chronous powegenerating modules, the following requirements shall a|

ply:

51 3

the powergenerating module's capability to ride through faults in accor{
ance with the conditions set out in subparagraph (a) of Article 14(3) sh;
demonstrated by simulation;

51 3

the simulation shall be deemed successful if compliance with the requil
ment set out in point (a) of Article 14(3) is demonstrated.

51 4

With regard to the post fault active power recovery simulation the folloy
ing requirements shall apply:

the powergenerating module's capability to provide post fault active
power recovery referred to in the conditions set out in Article 17(3) shal
demonstrated;

51 4

the simulation shall be deemed successful if compliance with the requil
ment set out in Article 17(3) is demonstrated.
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Compliance simulations for type C synchronous povgemerating modules

52

1

In addition to the compliance simulations for type B synchronous powe|
generating modules set out in Article 51, type C synchronous gysner-
ating modules shall be subject to the compliance simulations detailed if
paragraphs 2 to 5. Instead of all ortpafrthose simulations, the power
generating facility owner may use equipment certificates issued by an {
thorised certifier, which must be provided to the relevant system operaj

52

With regard to the LFSM response simulation the following requiremen
shall apply:

52

the powergenerating module's capability to modulate active power at I¢
frequencies in accordance with point (c) of Article 15(2) shall be demo
strated;

52

the simulation shall be carried out by means of low frequency steps an
ramps reaching maximum capacity, taking into account the droop settil
and the deadband,;

52

the simulation shall be deemed successful in the event that:

52

the simulation model of the pow@enerating module is validated agains]
the compliance test for LFSWresponse described in of Article 45(2); an

52

compliance with the requirement of point (c) of Article 15(2) is demon-
strated.

52

With regard to the FSM response simulation the following requirementy
shall apply:

52

the powergenerating module's capability to modulate active power ove
the full frequency range in accordance with point (d) of Article 15(2) sh;
be demonstrated;

52

the simulation shall be carried out by simulating frequency steps and re
big enough to trigger the whole active power frequency response rang
taking into account the droop settings and the deadband;

52

the simulation shall be deemed successful in the event that:

52

the simulation model of the powaenerating module is validated againsj

the compliance test for FSM response described in Article 45(3); and
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52

compliance with the requirement of point (d) of Article 15(2) is demon-
strated.

52

With regard to the island operation simulation the following requiremen|
shall apply:

52

the powergenerating module's performance during island operation re-
ferred to in the conditions set out in point (b) of Article 15(5) shall be
demonstrated;

52

the simulation shall be deemed successful if the payeserating module
reduces or increases the active power output from its previous operatir
point to any new operating point within the@capability diagram within
the limits of point (b) of Article515), without disconnection of the power
generating module from the island due to cvarunderfrequency.

52

With regard to the reactive power capability simulation the following re|
quirements shall apply:

52

the powergenerating module's capability to provide leading and lagging
active power capability in accordance with the conditions set out in poil
(b) and (c) of Article 18(2) shall be demonstrated;

52

the simulation shall be deemed successful if the following conditions al
fulfilled:

52

the simulation model of the pow@enerating module is validated agains]
the compliance tests for reactive power capability described in Article
45(7); and

52

compliance with the requirements of points (b) and (c) of Article 18(2) i
demonstrated.

Com

pliance simulations

for type D synchronous powgenerating modules

53

1

In addition to the compliance simulations for type B and C synchronouy
powergenerating modules set out in Articles 51 and 52, except for the
ulation of faultride-through capability of type B synchronous powener-
ating modules referred to in Artickd.(3), type D synchronous powgen-

erating modules are subject to the compliance simulations set out in pg
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graphs 2 and 3. Instead of all or part of those simulations, the pgever-
ating facility owner may use equipment certificates issued by an authol
certifier, which must be provided to the relevant system operator.

53 2

With regard to the power oscillations damping control simulation the fol
lowing requirements shall apply:

53 2

it shall be demonstrated that the powgenerating module's performance
Ay GSN¥a 2F Ada O2yiGNRf aeadsSy
power oscillations in accordance with the conditions set out in paragraj
of Article 19;

53 2

the tuning must result in improved damping of corresponding active po|
response of the AVR in combination with the PSS function, compared f
active power response of the AVR alone;

53 2

the simulation shall be deemed successful if the following conditions al
mulatively fulfilled:

53 2

the PSS function damps the existing active power oscillations of the-pg
generating module within a frequency range specified by the relevant 1
That frequency range shall include the local mode frequencies of the
powergenerating module and the expedtnetwork oscillations; and

53 2

a sudden load reduction of the powgenerating module from 1 pu to 0,6
pu of the maximum capacity does not lead to undamped oscillations in
tive or reactive power of the powgenerating module.

53 3

With regard to the simulation of fawfide-through capability of type D syn
chronous powegenerating modules, the following requirements shall a|
ply:

53 3

the powergenerating module's capability to provide faudte-through in
accordance with the conditions set out in point (a) of Article 16(3) shall
demonstrated;

53 3

the simulation shall be deemed successful if compliance with the requil
ment laid down in point (a) of Article 16(3) is demonstrated.

Dok.26/068601

Offentlig/Public



17621C

Chapter 6 Compliance simulations for power park modules

Compliance simulations for type B power park modules

54

1

Type B power park modules are subject to the compliance simulations
paragraphs 2 to 5. Instead of all or part of those simulations, the powel
generating facility owner may use equipment certificates issued by an i
thorised certifier, which must be proldd to the relevant system operator

54

With regard to the LFSK2 response simulation the following requiremen
shall apply:

54

the power park module's capability to modulate active power at high fre
quency in accordance with Article 13(2) shall be demonstrated;

54

the simulation shall be carried out by means of high frequency steps ai
ramps reaching minimum regulating level, taking into account the droo
settings and the deadband;

54

the simulation shall be deemed successful in the event that:

54

the simulation model of the power park module is validated against the|
compliance test for LFS® response set out in Article 47(3); and

54

compliance with the requirement laid down in Article 13(2) is demon-
strated.

54

With regard to the fast fault current injection simulation the following re
quirements shall apply:

54

the power park module's capability to provide fast fault current injectior|
accordance with the conditions set out in point (b) of Article 20(2) shall
demonstrated;

54

the simulation shall be deemed successful if compliance with the requil
ment laid down in point (b) of Article 20(2) is demonstrated.

54

With regard to the faultide-through simulation capability of type B powe|
park modules, the following requirements shall apply:

54

the power park module's capability to ride through faults in accordance
with the conditions set out in point (a) of Article 14(3) shall be demon-
strated by simulation;
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54

the simulation shall be deemed successful if compliance with the requil
ment laid down in point (a) of Article 14(3) is demonstrated.

54

The following requirements with regard to the post fault active power r¢
covery simulation shall apply:

54

the power park module's capability to provide post fault active power re
covery in accordance with the conditions set out in Article 20(3) shall b
demonstrated;

54

the simulation shall be deemed successful if compliance with the requil
ment laid down in Article 20(3) is demonstrated.

Com

pliance simulations

for type C power park modules

55

1

In addition to the compliance simulations for type B power park modulg
set out in Article 54, type C power park modules are subject to the com
ance simulations set out in paragraphs 2 to 7. Instead of all or part of tl
simulations, the powegeneratng facility owner may use equipment certi
icates issued by an authorised certifier, which must be provided to the
vant system operator.

55

With regard to the LFSM response simulation the following requiremen
shall apply:

55

the power park module's capability to modulate active power at low fre;
quencies in accordance with point (c) of Article 15(2) shall be demon-
strated;

55

the simulation shall be carried out by simulating low frequency steps al
ramps reaching maximum capacity, taking into account the droop settil
and the deadband;

55

the simulation shall be deemed successful in the event that:

55

the simulation model of the power park module is validated against the
compliance test for LFSM response set out in Article 48(3); and

55

compliance with the requirement laid down in point (c) of Article 15(2) i
demonstrated.

55

With regard to the FSM response simulation the following requirement

shall apply:
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55 3

the power park module's capability to modulate active power over the f|
frequency range as referred to in point (d) of Article 15(2) shall be dem
strated,;

55 3

the simulation shall be carried out by simulating frequency steps and re
big enough to trigger the whole active power frequency response rangs
taking into account the droop settings and the deadband;

55 3

the simulation shall be deemed successful in the event that:

55 3

the simulation model of the power park module is validated against the|
compliance test for FSM response set out in Article 48(4); and

55 3

compliance with the requirement laid down in point (d) of Article 15(2) i
demonstrated.

55 4

With regard to the island operation simulation, the following requiremel
shall apply:

55 4

the power park module's performance during island operation in accor
ance with the conditions set out in point (b) of Article 15(5) shall be der|
strated,;

55 4

the simulation shall be deemed successful in the event that the power
module reduces or increases the active power output from its previous
erating point to any new operating point, within th&Rapability diagram
and within the limits set out ipoint (b) of Article 15(5), without disconne
tion of the power park module from the island due to ewerun-
derfrequency.

55 5

With regard to the simulation of the capability of providing synthetic ing|
tia, the following requirements shall apply:

55 5

the model of the power park module's capability of providing synthetic |
ertia to a low frequency event as set out in point (a) of Article 21(2) shg
demonstrated;

55 5

the simulation shall be deemed successful if the model demonstrates t
complies with the conditions set out in Article 21(2).

55 6

With regard to the reactive power capability simulation, the following re|

quirements shall apply:
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55

the power park module shall demonstrate that it can provide leading ar|
lagging reactive power capability as set out in points (b) and (c) of Artic
21(3);

55

the simulation shall be deemed successful if the following conditions al
mulatively fulfilled:

55

the simulation model of the power park module is validated against the
compliance tests for reactive power capability set out in paragraph 6 of
ticle 48; and

55

compliance with the requirements laid down in points (b) and (c) of Arti
21(3) is demonstrated.

55

With regard to the power oscillations damping control simulation, the fd
lowing requirements shall apply:

55

the model of the power park module shall demonstrate that it can provi
active power oscillations damping capability accordance with point (f) d
ticle 21(3);

55

the simulation shall be deemed successful in the event that the model
demonstrates compliance with the conditions described in point (f) of A
cle 21(3).

Com

pliance simulations

for type D power park modules

56

1

In addition to the compliance simulations for type B and C power park |
ules set out in Articles 54 and 55, except for the fadé-through capabil-
ity of type B power park modules referred to in Article 54(4), type D po\
park modules are subject toeHaultride-through capability of power park
modules compliance simulation.

56

Instead of all or part of the simulations mentioned in paragraph 1, the
powergenerating facility owner may use equipment certificates issued
an authorised certifier, which must be provided to the relevant system ¢
erator.

56

The model of the power park module shall demonstrate that it is suitab
for simulating the faultide-through capability in accordance with point (g
of Article 16(3).
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56

The simulation shall be deemed successful if the model demonstrates
pliance with the conditions set out in point (a) of Article 16(3).

Chapter 7- Compliance simulations for offshore power park modules

Compliance simulations applicable to offshore power park modules

57

The compliance simulations specified in paragraphs 3 and 5 of Article !
well as in paragraphs 4, 5 and 7 of Article 55 shall apply to any offshor|
power park module.

Chapter 8 Non-binding guidance and monitoring of implementation

Non+binding guidance on implementation

58

1

No later than six months after the entry into force of this Regulation, thi
ENTSO for Electricity shall prepare and thereafter every two years proy
nonbinding written guidance to its members and other system operato
concerning the elements of this gReation requiring national decisions. T|
ENTSO for Electricity shall publish this guidance on its website.

58

ENTSO for Electricity shall consult stakeholders when provididgming
guidance.

58

The nonrbinding guidance shall explain the technical issues, conditions
interdependencies which need to be considered when complying with 1
requirements of this Regulation at national level.

Monitoring

59

1

ENTSO for Electricity shall monitor the implementation of this Regulati
accordance with Article 8(8) of Regulation (EC) No 714/2009. Monitoril
shall cover in particular the following matters:

59

identification of any divergences in the national implementation of this |
ulation;

59

assessment of whether the choice of values and ranges in the requirer|
applicable to powegenerating modules under this Regulation continueq

be valid.
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59

The Agency, in cooperation with ENTSO for Electricity, shall produce b
months after the entry into force of this Regulation a list of the relevant
formation to be communicated by ENTSO for Electricity to the Agency
cordance with Article 8(9) arftticle 9(1) of Regulation (EC) No 714/200
The list of relevant information may be subject to updates. ENTSO for |
tricity shall maintain a comprehensive, standardised format, digital datg
chive of the information required by the Agency.

59

Relevant TSOs shall submit to ENTSO for Electricity the information re|
quired to perform the tasks referred to in paragraphs 1 and 2.

59

Based on a request of the regulatory authority, DSOs shall provide TS
with information under paragraph 2 unless the information is already ol
tained by regulatory authorities, the Agency or ENE$®Orelation to their
respective implementation monitorinigsks, with the objective of avoiding
duplication of information.

59

Where ENTSO for Electricity or the Agency establish areas subject to {
Regulation where, based on market developments or experience gathg
in the application of this Regulation, further harmonisation of the requir|
ments under this Regulation is adbieato promote market integration,
they shall propose draft amendments to this Regulation pursuant to Ar
7(1) of Regulation (EC) No 714/2009.

TITLE V DEROGATIONS

Krav med godkendelse fra Forsyningstilsynet

Krav mv. uden godkendelse fra Forsyningstilsynet

Power to grant derogations

60

1

Regulatory authorities may, at the request of a pegemerating facility
owner or prospective owner, relevant system operator or relevant TSO|
grant powergenerating facility owners or prospective owners, relevant {
tem operators or relevant TSOs deragas from one or more provisions
this Regulation for new and existing powggnerating modules in accord-
ance with Articles 61 to 63.
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60

Where applicable in a Member State, derogations may be granted and
voked in accordance with Articles 61 to 63 by other authorities than the
regulatory authority.

General provision

61

1

Each regulatory authority shall specify, after consulting relevant systen|
erators and powegenerating facility owners and other stakeholders wh
it deems affected by this Regulation, the criteria for granting derogatior
pursuant to Articles 62 and 68shall publish those criteria on its website
and notify them to the Commission within nine months of the entry into
force of this Regulation. The Commission may require a regulatory aut|
to amend the criteria if it considers that they are notnie With this Regu-
lation. This possibility to review and amend the criteria for granting dert
tions shall not affect the derogations already granted which shall contir
to apply until the scheduled expiry date as detailed in the decision grar
the exenption.

61

If the regulatory authority deems that it is necessary due to a change ir
cumstances relating to the evolution of system requirements, it may rey
and amend at most once every year the criteria for granting derogation
accordance with paragraph Any changes to the criteria shall not apply 1
derogations for which a request has already been made.

61

The regulatory authority may decide that povgenerating modules for
which a request for a derogation has been filed pursuant to Articles 62
63 do not need to comply with the requirements of this Regulation from
which a derogation has been sought frim day of filing the request until
the regulatory authority's decision is issued.

Request for a derogation

by a powaenerating facility owner

62 1 Powergenerating facility owners, or prospective owners, may request
derogation to one or several requirements of this Regulation for power
generating modules within their facilities.
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62 2

A request for a derogation shall be filed with the relevant system opera|
and include:

62 2

an identification of the powegenerating facility owner, or prospective
owner, and a contact person for any communications;

62 2

a description of the powegenerating module or modules for which a der
gation is requested,;

62 2

a reference to the provisions of this Regulation from which a derogatiol
requested and a detailed description of the requested derogation;

62 2

detailed reasoning, with relevant supporting documents andioersefit
analysis pursuant to the requirements of Article 39;

62 2

demonstration that the requested derogation would have no adverse e|
on crossborder trade.

62 3

Within two weeks of receipt of a request for a derogation, the relevant {
tem operator shall confirm to the poweenerating facility owner, or pro-
spective owner, whether the request is complete. If the relevant systen|
erator considers that the requeistincomplete, the powegenerating facil-
ity owner, or prospective owner, shall submit the additional required inf
mation within one month from the receipt of the request for additional i
formation. If the powegenerating facility owner, or prospectiverer,
does not supply the requested information within that time limit, the re-
quest for a derogation shall be deemed withdrawn.

62 4

The relevant system operator shall, in coordination with the relevant TS
and any affected adjacent DSO or DSOs, assess the request for a der(
and the provided codbenefit analysis, taking into account the criteria de|
termined by the regulatory authity pursuant to Article 61.

62 5

If a request for a derogation concerns a type C or D pgemerating mod-
ule connected to a distribution system, including a closed distribution s|
tem, the relevant system operator's assessment must be accompanied
an assessment of the request for aafgation by the relevant TSO. The r¢
evant TSO shall provide its assessment within two months of being re-

quested to do so by the relevant system operator.
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Within six months of receipt of a request for a derogation, the relevant
tem operator shall forward the request to the regulatory authority and g
mit the assessment(s) prepared in accordance with paragraphs 4 and !
That period may be extended by onemth where the relevant system op;
erator seeks further information from the powegenerating facility owner,
or prospective owner and by two months where the relevant system op
tor requests the relevant TSO to submit an assessment of the request
derogation.

The regulatory authority shall adopt a decision concerning any request
derogation within six months from the day after it receives the request.
That time limit may be extended by three months before its expiry whe
the regulatory authority requirgsirther information from the powegen-
erating facility owner, or prospective owner, or from any other intereste
parties. The additional period shall begin when the complete informatig
has been received.

The poweigenerating facility owner, or prospective owner, shall submit
any additional information requested by the regulatory authority within
two months of such request. If the powgenerating facility owner, or pro-
spective owner, does not supply thejeested information within that time
limit, the request for a derogation shall be deemed withdrawn unless, b
fore its expiry:

the regulatory authority decides to provide an extension; or

the powergenerating facility owner, or prospective owner, informs the 1
ulatory authority by means of a reasoned submission that the request f
derogation is complete.

The regulatory authority shall issue a reasoned decision concerning a |
quest for a derogation. Where the regulatory authority grants a derogat
it shall specify its duration.

The regulatory authority shall notify its decision to the relevant pgeeaf
erating facility owner, or prospective owner, the relevant system operal
and the relevant TSO.

62 6
62 7
62 8
62 8
62 8
62 9
62 | 10
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62

11

A regulatory authority may revoke a decision granting a derogation if th
circumstances and underlying reasons no longer apply or upon a reas(
recommendation of the Commission or reasoned recommendation by 1
Agency pursuant to Article 65(2).

62

12

For Type A powegenerating modules, a request for a derogation under
this Article may be made by a third party on behalf of the pageerating
facility owner, or prospective owner. Such a request may be for a singl|
power generating module or multiplé&entical powergenerating mod-
ules. In the case of the latter, and provided the cumulative maximum c;
pacity is specified, the third party may substitute the details required by
point (a) of paragraph 2 with their details.

Request for a derogation

by a relevant system operator or relevant TSO

63

1

Relevant system operators or relevant TSOs may request derogations
classes of powegenerating modules connected or to be connected to tH
network.

63

Relevant system operators or relevant TSOs shall submit their request]
derogations to the regulatory authority. Each request for a derogation <
include:

63

identification of the relevant system operator or relevant TSO, and a cd
tact person for any communications;

63

a description of the powegenerating modules for which a derogation is
quested and the total installed capacity and number of peyegrerating
modules;

63

the requirement or requirements of this Regulation for which a derogat|
is requested, with a detailed description of the requested derogation;

63

detailed reasoning, with all relevant supporting documents;

63

demonstration that the requested derogation would have no adverse €]
on crossborder trade;

63

a costbenefit analysis pursuant to the requirements of Article 39. If app)
cable, the cosbenefit analysis shall be carried out in coordination with t|
relevant TSO and any adjacent DSO or DSOs.
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Where the request for a derogation is submitted by a relevant DSO or
CDSO, the regulatory authority shall, within two weeks from the day afi
receipt of that request, ask the relevant TSO to assess the request for
ogation in the light of the criteridetermined by the regulatory authority
pursuant to Article 61.

Within two weeks from the day after the receipt of such request for ass|
ment, the relevant TSO shall confirm to the relevant DSO or CDSO wh
the request for a derogation is complete. If the relevant TSO considers
it is incomplete, the relevant3® or CDSO shall submit the required add
tional information within one month from the receipt of the request for &
ditional information.

Within six months of receipt of a request for a derogation, the relevant
shall submit to the regulatory authority its assessment, including any r¢
vant documentation. The simonth time limit may be extended by one
month where the relevant TSO seakster information from the relevant
DSO or from the relevant CDSO.

The regulatory authority shall adopt a decision concerning a request fo
derogation within six months from the day after it receives the request.
Where the request for a derogation is submitted by the relevant DSO o
CDSO, the simonth time limit rungrom the day following receipt of the
relevant TSO's assessment pursuant to paragraph 5.

The sixmonth time limit referred to in paragraph 6 may, before its expiry
be extended by an additional three months where the regulatory autho
requests further information from the relevant system operator request
the derogation or from any othémterested parties. That additional perioc
shall run from the day following the date of receipt of the complete info
mation.

The relevant system operator shall provide any additional information

quested by the regulatory authority within two months from the date of

63 3

63 4

63 5

63 6

63 7

63 7
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request. If the relevant system operator does not provide the requeste(
ditional information within that time limit, the request for a derogation
shall be deemed withdrawn unless, before expiry of the time limit:

63 7

the regulatory authority decides to provide an extension; or

63 7 b

the relevant system operator informs the regulatory authority by means
a reasoned submission that the request for a derogation is complete.

63 8

The regulatory authority shall issue a reasoned decision concerning a |
quest for a derogation. Where the regulatory authority grants derogatio
shall specify its duration.

63 9

The regulatory authority shall notify its decision to the relevant system
erator requesting the derogation, the relevant TSO and the Agency.

63 | 10

Regulatory authorities may lay down further requirements concerning t|
preparation of requests for derogation by relevant system operators. In
ing so, regulatory authorities shall take into account the delineation be-
tween the transmission system and tistribution system at the national
level and shall consult with system operators, pewenerating facility
owners and stakeholders, including manufacturers.

63 | 11

A regulatory authority may revoke a decision granting a derogation if tt
circumstances and underlying reasons no longer apply or upon a reas(
recommendation of the Commission or reasoned recommendation by 1
Agency pursuant to Article 65(2).

Register of derogations

from the requirements of this Regulation

64 1 Regulatory authorities shall maintain a register of all derogations they |
granted or refused and shall provide the Agency with an updated and ¢
solidated register at least once every six months, a copy of which shall
given to ENTSO for Electricity.

64 2 The register shall contain, in particular:

64 2 a the requirement or requirements for which the derogation is granted or
fused,;

64 2 b the content of the derogation;

64 2 the reasons for granting or refusing the derogation;
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64|2|d

| the consequences resulting from granting the derogation.

Monitoring of derogations

65 1

The Agency shall monitor the procedure of granting derogations with tH
cooperation of the regulatory authorities or relevant authorities of the
Member State. Those authorities or relevant authorities of the Member|
State shall provide the Agency with B# information necessary for that
purpose.

65 2

The Agency may issue a reasoned recommendation to a regulatory au
ity to revoke a derogation due to a lack of justification. The Commissiol
may issue a reasoned recommendation to a regulatory authority or rele
authority of the Member State to revokierogation due to a lack of justifi
cation.

65 3

The Commission may request the Agency to report on the application ¢
paragraphs 1 and 2 and to provide reasons for requesting or not reque
derogations to be revoked.

TITLE MTRANSITIONAL ARRANGEMENTS FOR EMERGING TECHNOLOGIES

Krav med godkendelse fra Forsyningstilsynet

Krav mv. uden godkendelse fra Forsyningstilsynet

Emerging technol

ogies

66 1 With the exception of Article 30, the requirements of this Regulation sh
not apply to powegenerating modules classified as an emerging technq
ogy, in accordance with the procedures set out in this Title. 27.4.2016 |
112/65 Official Journal of the Epean Union EN

66 2 A powergenerating module shall be eligible to be classified as an emer|
technology pursuant to Article 69, provided that:

66 2 it is of type A;

66 2 b it is a commercially available powgenerating module technology; and

66 2 the accumulated sales of the powgegnerating module technology within
synchronous area at the time of application for classification as an emg
ing technology do not exceed 25 % of the maximum level of cumulative
maximum capacity established pursuanftticle 67(1).
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Establishment of thresholds for classification as emerging technologies

67

1

The maximum level of cumulative maximum capacity of pgererating
modules classified as emerging technologies in a synchronous area sh
0,1 % of the annual maximum load in 2014 in that synchronous area.

67

Member States shall ensure that their maximum level of cumulative mz
mum capacity of powegenerating modules classified as emerging techi
ogies is calculated by multiplying the maximum level of cumulative ma)
mum capacity of powegenerating modules daified as emerging technol
ogies of a synchronous area with the ratio of annual electrical energy g
erated in 2014 in the Member State to the total annual electrical energy
generated in 2014 in the respective synchronous area to which the Me
ber State beings.

67

For Member States belonging to parts of different synchronous areas, |
calculation shall be carried out on a pro rata basis for each of those pa
and combined to give the total allocation to that Member State.

67

The source of the data for applying this Article shall be the ENTSO for
tricity's Statistical factsheet published in 2015.

Application

for classification as an emerging technology

68

1

Within six months of the entry into force of this Regulation manufacture
of Type A powegenerating modules may submit to the relevant regulat
authority a request for classification of their povggnerating module
technology as an emerging technology

68

In connection with a request pursuant to paragraph 1, the manufacture]
shall inform the relevant regulatory authority of the accumulated sales |
the respective powegenerating module technology within each synchrg
nous area at the time of application fdassification as an emerging tech-
nology.

68

Proof that a request submitted pursuant to paragraph 1 complies with {
eligibility criteria laid down in Articles 66 and 67 shall be provided by th
manufacturer.

Dok.26/068601

Offentlig/Public



19021C

68

Where applicable in a Member State, assessment of requests and app|
and withdrawal of classification as an emerging technology may be un(
taken by authorities other than the regulatory authority.

Assessment and approval of requests for classification as an emerging technology

69

1

By 12 months of the entry into force of this Regulation, the relevant reg
tory authority shall decide, in coordination with all the other regulatory :
thorities of a synchronous area, which powgenerating modules, if any,
should be classified as an emiag technology. Any regulatory authority (
the relevant synchronous area may request a prior opinion from the
Agency, which shall be issued within three months of receipt of the req
The decision of the relevant regulatory authority shall takedntount the
opinion of the Agency.

69

A list of poweigenerating modules approved as emerging technologies
shall be published by each regulatory authority of a synchronous area.

Withdrawal

of classification as an emerging technology

70

1

From the date of the decision of the regulatory authorities pursuant to 4
cle 69(1), the manufacturer of any powgenerating module classified as
an emerging technology shall submit to the regulatory authority every t
months an update of the salestbE module per Member State for the
past two months. The regulatory authority shall make publicly available
cumulative maximum capacity of powgegnerating modules classified as
emerging technologies.

70

In the event that the cumulative maximum capacity of all payegrerating
modules classified as emerging technologies connected to networks e;
ceeds the threshold established in Article 67, the classification as an el
ing technology shall be withdrawn the relevant regulatory authority. The
withdrawal decision shall be published.

70

Without prejudice to the provisions of paragraphs 1 and 2, all regulator
authorities of a synchronous area may decide in a coordinated manne
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withdraw a classification as an emerging technology. The regulatory ay|
ities of the synchronous area concerned may request a prior opinion frt
the Agency, which shall be issued within three months of receipt of the
quest. Where applicable, the coardied decision of the regulatory autho
ities shall take into account the opinion of the Agency. The withdrawal {
sion shall be published by each regulatory authority of a synchronous ¢

70

Powergenerating modules classified as emerging technologies and col
nected to the network prior to the date of withdrawal of that classificatic
as an emerging technology shall be considered as existing-pewerat-

ing modules and shall therefore only fabject to the requirements of this|
Regulation pursuant to the provisions of Article 4(2) and Articles 38 an|

TITL

E VHFINAL PROVIS

IONS

Krav med godkendelse fra Forsyningstilsynet

Krav mv. uden godkendelse fra Forsyningstilsynet

Ame

ndment of co

ntracts

and general terms and conditions

71

1

Regulatory authorities shall ensure that all relevant clauses in contract;
general terms and conditions relating to the grid connection of new poy
generating modules are brought into compliance with the requirements
this Regulation.

71

All relevant clauses in contracts and relevant clauses of general terms
conditions relating to the grid connection of existing pegemerating
modules subject to all or some of the requirements of this Regulation i
cordance with Article 4(1) shak amended in order to comply with the re
quirements of this Regulation. The relevant clauses shall be amended
within three years following the decision of the regulatory authority or
Member State as referred to in Article 4(1).

71

Regulatory authorities shall ensure that national agreements between |
tem operators and owners of new or existing powenerating facilities
subject to this Regulation and relating to grid connection requirements
power generating facilities, in pecular in national network codes, reflect
the requirements set out in this Regulation.
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Entry into force

72 This Regulation shall enter into force on the twentieth day following thg
its publication in the Official Journal of the European Union.

72 Without prejudice to Articles 4(2)(b), 7, 58, 59, 61 and Title VI, the reqy
ments of this Regulation shall apply from three years after publication.

72 This Regulation shall be binding in its entirety and directly applicable in
Member States.
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1. Uddybning af krav

1.1 Krav til UYFRT artikel 14, stk. 3, litra a), nn) og artikel 16, stk. 3, litra a)
INI@ azy

58G0G8S

UVFRT krav til distributionstilsluttede synkrone produktionsanleeg i af type B, C og D i DK1 og

Spaandingsparametre (pu)  Tidsparametre [sekunder]

FFAY A

PGAr&aSNI RS

FRT krav for synkrone anlzeg type B, C og D (<110kV)
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UMVFRT krav til distributionstilsluttede ikkgnkrone produktionsanleeg i af type B, C og D i DK1

Speendingsparametre (pu)  Tidsparametre [sekunder]

og DK2:

Spaendingfpu)

UVFRT krav til transmissionstilsluttede synkrone produktionsanleeg i DK1:

Speendingsparametre (pu)  Tidsparametre [sekunder]
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Tid[s)

——Minimum FRT krav for type B, C og D (<110kV)

FRT krav for asynkrone anlag type B ,C og D (<110 kV)
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Tidfs)

= Mimimum FRT krav type B, C og Di<110 kV)

FRT krav for synkrone anlaeg type D (>110 kV)
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GARf AISNB JI N grali

Upee 03 [ 0,25
Ugeart 0,7 trec! 0,25
Ureet? 07 et 0,70
Ureea? 0,9 treest 15

Uret! 0,15 teteart 0,25
Ugteart 0,15 trecr 0,25
Urect? 0,15 treca: 0,25
Uert 0,9 trecs: 1,5

Upee! 0 Tejear’ 0,15
Ugear: 06 trect 0,15
Ureer? 0,6 trecat 0,75
Uert 0,85 trecat 1,5
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UMVFRT krav til transmissionstilsluttede islgakrone produktionsanleeg i DK1:
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UMVFRT krav til transmissionstilsluttede synkrone produktionsanleeg i DK2:
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1.2 Krav til reaktie effekreguleringsegenskaberartikel 18, stk. 2, litra b) nr. i) og artikel

FRT krav for asynkrone anlaeg type D (>110kV)

05 075 1 125
Tid[s]

——minimum FRT krav for type D (>110kV)

FRT krav for synkrone anlag type D (>110 kv)

0,25

05 0,75 2| 1,25
Tid[s]

——Minimum FRT krav for type D (>110kV)

FRT krav for asynkrone anlaeg type D (>110kV)

05 0,75 1 1,25
Tid[s]

minimum FRT kray for type D (>110kV)

21, stk. 3, litra j nr. i)og litra c) nr. i)
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Speendingsparametre (pu)  Tidsparametre [sekunder]

Upee! 0 tyjeart 0,15
Udeart 0 trect’ 0,15
Upest 0 et 0,15
Uzt 0,85 Trocat 15

Spaandingsparametre (pu)  Tidsparametre [sekunder]
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Ureest 06 treca’ 0,75
Ulecat 0,9 trecs: 1,5

Spandingsparametre (pu)  Tidsparametre [sekunder]
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1.2.1 Synkrone produktionsanlaeg

U-Q/Pr-egenskaber for synkrone produktionsanleeg:

DK1for 110300 kV:
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[pu]
r s
. 0,968 ol
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] T L] T L] T T ¥ T L T L) =
-0,6 -0,4 -0,2 0,0 0,2 0,4 06 Q/Pn

CE/SPGM - 110 — 300 kV

DK for 116300 kV:
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h
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-0,6 -04 -0,2 00 02 04 06 Q@/Pn

N/SPGM - 110 — 300 kV
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DKlog DK2 for 30400 kV:

ok e 2,00

H 0,9
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| | 1 ¥ T ¥ T ¥ I ¥ U L) v
-0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 Q/Pn

CE/SPGM - 300 - 400 kV
N/SPGM - 300 - 400 kV

Q/Pr-egenskaber for synkrone produktionsan]akgy samplaceresned et ikkesynkront ener-
gilageranlaeg, hvor energilageranleegget har stagrre anleegskapacitet end produktionsanleegget:

PiP,g3
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U-Q/Pr-egenskaber for synkrone produktionsanjagrsamplaceremed et ikkesynkront
energilageranleeg, hvor energilageranleegget har starre anlaegskapacitet end produktionsan-
leegget

DK1for 110300 kV:
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DR for 116300 kV:
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DK1leller DK2 for 30400 kV:
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1.2.2 Ikkesynkrone produktionsanleeg

U-Q/Pr-egenskaber for ikksynkrone produktionsanlaeg:

DK1 for 116800 kV:
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DK2 for 116800 kV:

Q/Pn =-0,33 Q/Pn=0,33 N/PPM - 110 — 300 kv

DK1 og DK2 for 360 kV:
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P-Q/P-egenskaber for ikksynkrone produktionsanleeg:

PIPn 4
R ST 1‘0
_________________________ Jos .
8 R S DN O S
............ 404
..... 4.02
...... Jor o &
F I W 5555 s sy I N
1) T T | T T T T T T T T L
06 -04 |  -02 -01 00 01 02 I 04 06 @Pn
Q/Pn =-0,33 Q/Pn=0,33
PF =095 PF =0,95

|:| | dette omrade tillades det, at de reaktive
legenskaber for PPM, kan vaere begraenset af et
reduceret antal enheder i PPM som er i drift,
grundet vedligehold eller fejl.

I:LI dette omrade tillades det, at de reaktive
legenskaber for PPM, kan vaere begraenset af et
educeret antal enheder i PPM som er i drift,

erundet opstart og nedlukning som funktion af
primaer energi, vedligehold eller fejl.

1.3 Krav vedrgrende synkrone produktionsanlesgrtikel 19, stk.2, litra a)

Parametre og indstillinger af komponenter til spaendingsregulering aftales og defineres med
udgangspunkt i en specifik analyse.

Anlaegskomponenter
| dette afsnit specificeres generelle stabilitetskrav til generator og maskintransformer for et an-
leeg. (forklaring)

Maskintransformer/nettransformer

For et anlaeg i kategori D fastsattes den maksimalt tilladelige starrelse af maskintransforme-
rens/nettransformerens kortslutningsreaktans i samarbejde med den systemansvarlige virk-
somhed pa baggrund af anlaegsejers anlaegsdesignstudier og stabilitetsadaypddladelige

veerdi skal fremga af nettilslutningsaftalen for anlaegget.

Hvor der anvendes viklingskobler pa maskintransformer/nettransformer, kan det aftales med
den systemansvarlige virksomhed, at viklingskobleren ma anvendes til opfyldelse af krav til re-
aktive reguleringsegenskaber. Hvis aftale indgas skal det fremgailafutaihgsaftalen for an-
leegget.
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Hvis der anvendes viklingskobler pd maskintransformeren/nettransformer, er anlaegsejer an-
svarlig for den rette koordinering mellem anlaeggets reaktive reguleringsfunktioner og viklings-
koblerreguleringen.

Generator

For et anlaeg i kategori D fastsaettes krav til kortslutningsforhold og transient reaktans i samar-
bejde med den systemansvarlige virksomhed pa baggrund af anleegsejers anlaegsdesignstudier
og stabilitetsanalyser. De tilladelige veerdier skal fremga af netifeisaftalen for anleegget.

Magnetiseringssystem

Et SGM skal veere udstyret med et kontinuert fungerende automatisk magnetiseringssystem.
Formalet er at sikre stabil drift af anleegget, samt give mulighed for at bidrage til regulering af
spaending og/eller den reaktive effektbalance i det kollektive etforggnet.

Magnetiseringssystemet skal konstrueres i overensstemmelse med den europeeiske standard
DS/EN 600346-1:2011 "Rotating electrical machinePart 16: Excitation systems for
synchronous machinesChapter 1: Definitions”, [Ref. 21] og DS/CLC/TR &ll®34004 "Ro-

tating electrical machinesPart 16: Excitation systems for synchronous maclgji@estion 3:
Dynamic performance”.

| tilfeelde af netforstyrrelser der medfarer spaendingsreduktion, skal generatoren i mindst 10

sekunder kunne overmagnetiseres 1,6 gange magnetiseringsstraameegding ved nominel

S¥¥S1d 23 d3. ' nInm A th/ 23 y2¥dens@ben&NAFiaalinyRAYyID |
haenger af speendingen i POC, skal den naevnte egenskab veere tilgaengelig ved reduceret net-

speaending i POC ned til 0,6 pu.

Generatorens overmagnetiseringsbeskyttelse og anden beskyttelse skal konstrueres og indstil-
les, s& generatorens evne til midlertidig overbelastning kan udnyttes uden at overskride gene-
ratorens termiske greenser.

Magnetiseringssystemets begraenserfunktioner skal veere selektive med anleeggets beskyttel-
sesfunktioner, og derved muligggre kortvarig udnyttelse af overbelastningsegenskaber uden
udkobling af anlaegget.

Magnetiseringssystemets tidsrespons (malt pd generatorklemmerne) under tomgang (genera-
toren er frakoblet nettet og drevet ved nominel omlgbshastighed) ved en momentan 10 % een-
dring af referencespaendingen skal vare i@keillerende, og have en stigetid g&time"), som
defineret i DS/EN 600316-3, p& maksimalt 0,3 sekund for et statisk magnetiseringssystem.

For et roterende magnetiseringssystem ("rotating exciter") tillades et tidsrespons pd maksimalt
0,5 sekund ved en positiv 10 % sendring af referencelipgen og tilsvarende maksimalt 0,8
sekund ved en negativ 10 % aendring af referencespaendingen.

Magnetiseringssystemets oversving ("overshoot") malt pa generatorklemmerne, som defineret

i DS/EN 600346-3, ved en momentan 10 % aendring i referencespaendingen, ma maksimalt
veere 15 % af eendringen.
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Verifikationskrav magnetiseringssystem

Verifikation af ovenstaende funktionskrav til magnetiseringsudstyret skal vedlaegges som doku-

mentation. Udfarte simuleringer, relevante malinger fra idriftseettelsestest, funktionsbeskrivel-

ASNJ al Yd ¢Fa odzAif RéE AYRAGACTL { Jayilada ahlgeydAokG NI a1t @SRt n3a3aSa
mentation.

Koordinering mellem begraenserfunktioner og beskyttelsesfunktioner dokumenteres ved et
P/Qdiagram for hhv. statisk og dynamisk karakteristik, indeholdende funktionstider og aktive-
ringsniveauer.

Simulering, analyse og idriftsaettelsestest skal anvendes til at dokumentere, at magnetiserings-
systemet har tilfredsstillende dynamiske egenskaber.

De udfgrte simuleringer skal omfatte nedenstaende testscenarier:
1. RMSsimulering af spaendingsdyk i henholdt til nedstaende funktion, hvor maskinens
far fejl driftspunkt er defineret ved UPOC =1 pu, P = 1 pu, QPOC = 0,4 pu:

lpuhvort<0s

Upoc(t) = { 0,6 puhvort >0s
2. RMSsimulering af stepresponstest ved en momenta+il®/% asendring af reference-

speendingen, hvor maskinen drives i tomgang og ved nominel omlgbshastighed.

Den udferte idriftseettelse skal indeholde nedenstaende tests:
1. Stepresponstest ved en momentan 3 % aendring af referencespaendingen, hvor
maskinen drives i tomgang og ved nominel omlgbshastighed.
2. Test af selektivitet mellem undermagnetiseringsbeskyttelse og undermagnetiserings-
begraenser. Dette udfares ved:

a) Stepresponstest, hvor maskinen forsgges tvunget i et undermagnetiseret ar-
bejdspunkt, som ligger uden for det tilladelige arbejdsomrade for undermag-
netiseringsbegraenser.

b) Oprampning af aktiv effekt, fra Pmin til Pn, hvor maskinen, inden pabegyn-
delse af test, ligges i et fuldt undermagnetiseret arbejdspunkt.

3. Test af selektivitet mellem overmagnetiseringsbeskyttelse og overmagnetiseringsbe-
greenseren. Dette udfgres ved:

a) Stepresponstest, hvor maskinen forsgges tvunget i et overmagnetiseret ar-
bejdspunkt, som ligger uden for det tilladelige arbejdsomrade for overmag-
netiseringsbegraenseren.

b) Oprampning af aktiv effekt, fra Pmin til Pn, hvor maskinen, inden pabegyn-
delse af test, ligges i et fuldt overmagnetiseret arbejdspunkt.

4. Test af statorstremsbegreensers performance. Dette udfgres ved:

a) Stepresponstest, hvor maskinen forsgges tvunget i et arbejdspunkt, som lig-
ger uden for den tilladelige stramveerdi for statorstramsbegraenser. Testen
udfgres ved reduceret indstillinger.

5. Test af V/Hbegraensers performance. Dette udfgres ved:

a) Stepresponstest, hvor maskinen forsgges tvunget i et arbejdspunkt, som lig-
ger uden for det tilladelige forhold mellem spaending og frekvens for V/Hz
begreenser. Testen udfgres ved reduceret indstillinger og hvor maskinen dri-
ves i tomgang og ved nominel omdbhastighed.

b) Andring af omlgbshastighed, hvor maskinen forsgges tvunget i et arbejds-
punkt, som ligger uden for det tilladelige forhold mellem spaending og fre-
kvens for V/Hbegreenser. Testen udfgres ved reduceret indstillinger og hvor
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maskinen drives i tomgang og ved nominel omlgbshastighed far eendring af
omlgbshastighed.

PSSunktion

PSSunktionen skal anvende input fra bade rotorhastighed/netfrekvens og aktiv effekt (dual
input) til at udlede stabilitetssignalet, hvor en deempetilsats af typen IEEE PSS2B, jf. IEEE 421.5
er normgivende.

Justering af PS8nktionen skal vaere sdledes, at der opnas en positiv deempning i frekvensom-
radet 0,2 til 0,7 Hz.

Fasen af det tilfarte deempningssignal som produceres duRB®nen skal i frekvensomra-
det 0,2 til 2 Hz veere i fase med hastighedsaendringen for generatorens rotor. Afvigelser pa op
til -30 grader (underkompenseret) kan accepteres.

Daempning af anleeggets effektoscillationer (eksponentielt aftagende funktion) skal ved alle ar-
bejdspunkter, og ved enhver forstyrrelse med-R@B&tionen aktiveret, veere hurtigere end 1
sekund.

lytn3dasSdia yFddaN¥ A3S RnYLYAYy3a T £€ft20t Y2RSé¢ SF¥FFS1iG2a0
PSSunktionen.

Justeringen af PS@nktionen skal veere saledes, at eendringer af anleeggets arbejdspunkt (aktiv
effekt) under normal drift, eller ved en fejl i fx turbineregulator, kedelanleeg, fadevandsanlaeg
eller andre hjeelpekraftanleeg, ikke ma medfare, at spaeendingemjppaandingssiden af an-
leeggets maskintransformer sendres mere end 1 %.

PSsgidgangssignalet skal begraenses, saledes at aktivering-afR&shen ikke medfarer en
gndring af generatorspaendingen starre end5t% af generatorens nominelle spaending. Det
er tilladt, at greenserne reduceres automatisk og dynamisk af spaendinigsoegn, fx ved ak-
tivering af magnetiseringssystemets begraenserfunktioner.

PSdunktionen skal deaktiveres automatisk, nar den producerede aktive effekt er mindre end
20 % af nominel effekt.

Det skal vare muligt at indg udkoble PSfanktionen. Ved udkobling af RS8nktionen skal
der afgives en alarm.

Verifikationskrav PSS funktion

Overholdelse af ovenstaende funktionskrav tiHe8&ionen skal vedleegges som dokumenta-

tion. Udfgrte simuleringer, relevante malinger fra idriftszettelsestest, funktionsbeskrivelser

alYd ¢é¢ra odaAtRéE AYRAGAL T AY 3aA Oneddanldgsdokuingnt GSREn33Sa azy
tation.

Simulering, analyse og idriftsaettelsestest skal anvendes til at dokumentere, at de anvendte
indstillingsveerdier giver P8fktionen og det samlede magnetiseringssystem tilfredsstillende
dynamiske egenskaber.

De udfgrte simuleringer skal omfatte nedenstaende testscenarier, hvor disse, med undtagelse
af Test 5, skal simuleres med R8&tionen aktiveret henholdsvis deaktiveret:
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1. Verifikation af frekvenskarakteristikken, herunder korrekt fasekompensering af det
samlede magnetiseringsanleeg, i form af Bode plots for forstaerkning og fase.

2. Steprespons ved en momentan %/% sendring af referencespaendingen. Simulerin-
ger gennemfgres for forskellige arbejdspunkter, fx 25 %, 50 %, 75 % og 100 % af an-
lzeeggets nominelle effekt.

3. Generatorneer kortslutning.

4. Udkobling af en linje, hvor aendringen i det kollektive elforsyningsnet gar fra steerke-
ste- til svageste netkonfiguration (kortslutningseffekt). Simuleringer gennemfares for
forskellige arbejdspunkter, fx 25 %, 50 %, 75 % og 100 % af anlaeggets nominelle ef-
fekt.

5. /Endring af generatorens tilfarte mekaniske effekt fra drivmaskinen i henholdende til

nedstaende funktioner (P®8hed skal veere aktiv):
a.  Sinusfunktion, p(t)=A-Sin(w-t),A=01lpuw=2"1 -i rad
Opuhvort<0s
b.  Rampefunktion, p(t)= [0,25 ~tpuhvor0sec <t <4s
lpuhvort>4s
{ lpuhvort<0s
0,6 puhvort>0s

c.  Stepfunktion, p(t)

Den udferte idriftseettelse skal indeholde nedenstaende tests:

1. Maling af fase og forsteerkning (bode plot) for overfaringsfunktionen Vt(s)/Vref(s) med
PSSFdzy 1 GA2y Sy RSI | (A @NNBRE 32 I FRD ay 2RINIBES (I 2£YATOO a K & G A 3 |
og-terminalspaending.

2. Maling af fase og forstaerkning (bode plot) for overfaringsfunktionen Vi(s)/Vref(s) med
PSSFdzy { G A2y Sy RSI 1 0A@NWRE 32 IISRD aS (R NONASF asLadyy 1 & an Gl
0 og Q =0, som muligt.

3. Maling af overfgringsfunktion for R&@ktionen.

4. Stepresponstest ved en momentan 306 aendring af referencespaendingen. Testen
gennemfares for forskellige arbejdspunkter, fx 25 %, 50 %, 75 % og 100 % af anleeg-
gets nominelle effekt med PE8ktionen aktiveret henholdsvis deaktiveret.

5. Foragelse af PS&staerkning med en faktor 3 af den foreslaede veaerdi.

c

Reguleringsfunktioner for reaktiv effekt regulering:

Falgende krav til reguleringsfunktioner for reaktiv effekt og spaending.
Reguleringsfunktionerne-@gulering, effektfaktor og speendingsregulering udelukker gensi-
digt hinanden, sa det kun er en af de tre funktioner, der kan aktiveres ad gangen.

Q-regulering

For reguleringsfunktionen for-@gulering geelder, at ngjagtigheden for en fuldfart eller en
kontinuerlig regulering, maksimalt ma afvige med en gennemsnitlig starrelse pa fejlen < 3 % af
Qn malt over en periode pa 1 minutter. Anleegget skal kunne modtagdpeinkt med mini-

mum oplgsning af Q pa 100 kVAr.

Effektfaktor regulering

For reguleringsfunktionen effektfaktoegulering geelder, at ngjagtigheden for en fuldfart eller

en kontinuerlig regulering, maksimalt ma afvige med en gennemsnitlig starrelse pa fejlen < 3 %
af Qn malt over en periode pa 1 minutter.

Den aktuelle Q veerdi skal omregnes ud fra anlaeggets aktuelle effektfaktor setpunkt.
Anlzaegget skal kunne modtage et setpunkt men minimum oplgsning af effektfaktoren pa 0,01.
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Automatisk speendingsregulering (AVR)
Ngjagtigheden for den fuldfgrte eendring eller en kontinuerlig regulering, inkl. ngjagtighed pa
setpunktet, maksimalt ma afvige 0,5 % setpunktet af spaendingsreguleringen.

Anlzaegget skal kunne modtage et setpunkt for spaeendingen med et minimum oplgsning pa 0,1
kV.

Statikken for automatisk spaendingsregulering skal kunne indstilles til en veerdi i omradet mel-
lem 2 og 8 %, begge inklusiv.

1.4 Krav til PFAPR ftnransmissionstilsluttedsamplacerede og/eller overplantede synkrone
produktionsanleeg; artikel 17, stk. 3

Kravtil PFAPRI synkrone produktionsanleeg, der samplaceres med et forbrugsanleeg eller

med bade et forbrugsanlaeg og et energilageranleeg, hvor det samlede anlaeg har veeret i pro-
duktionstilstand:

Aktiv effekt

F 3

Nedre graense

Faktisk effekt

[
v

>

Tilladt :
Figur SP1
Mellem

1-2 sekunder

Kravtil PFAPRI synkrone produktionsanlaeg, der samplaceres med et forbrugsanleeg eller
med bade et forbrugsanlaeg og et energilageranlaeg, hvor det samlede anlaeg har veeret i for-
brugstilstand:
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Aktiv effekt
@vre graense
20% af Py, .
Iy
5%af P,

,,,,,,,,, . Prot v

\ 95% af P,;

]

k 30% af P,

‘I -

1 o

1

Vo B0%afP,,

.

Nedre
graense

. e ® >
TG Tl TZ T3 Td
Tilladt
reverserin

anlaeg hvor det samlede anlaeg har veeret i produktionstilstand:

Aktiv effekt

F 3

@vre greense

YUL |- AL
Nedre greense
Faktisk effekt
0 >
TO TZ
Tilladt :
Figur SP1

«—»

Mellem
1-2 sekunder
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Figur SP4

Kravtil PFAPRI synkrone produktionsanlaeder udelukkende samplaceres med energilager-
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Kravtil PFAPRI synkrone produktionsanlagder udelukkende samplaceres med energilager-
anleeg hvor det samlede anlaeg har veeret i forbrugstilstand:

Aktiv effekt ‘ @vre graense
e
PrewC
[
g Nedre
5 greense
0 o .
To T iT Tid
LR . FigurSP5
reversering |
' Maksimalt 5 sekunder :

1.5 Krav til PFAPR og udvidet PFABRav til PFAPR fdaransmissionstilsluttedsamplace-
rede og/eller overplantedéke-synkrone produktionsanlaegartikel 20, stk. 3, litra a)

Krav til PFAPR for ikkgnkrone produktionsanleeg af type B, C og D:

Aktiv effekt ;

Tid

akeimish b sekurdsr
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Krav til udvidet PFAPR for ild§skrone produktionsanleeg af type D:

Aktiv effekt

208210

izllem 5-20 sekurdar

Tic

Kravtil PFAPHI ikke-synkrone produktionsanleeg demmplacereshvor det samlede anleeg
har veeret i produktionstilstand:

Aktiv ef‘fekt‘

@Pvre grense

Nedre
greense
0 ® >
To T iTy Tid
Tilladt
reversering

Maksimalt 5 sekunder

Figur SP2

Kravtil udvidetPFAPHRI ikke-synkrone produktionsanlaeg deamplacereshvor det samlede
anlaeg har veeret i produktionstilstand:
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Aktiv effekt

Pvre granse

209210

50% Py,

Nedre H
graense
Prei
0 @
T T RE Tid
it . Figursp3
reversering i

i Mellem 5-20 sekunder _.

Krav tilPFAPRI ikke-synkrone produktionsanleeg deamplacereshvor det samlede anleeg
har veeret i forbrugstilstand:

Aktiv effekt
@vre graense
20% af P,
Iy
5% af Py
,,,,,,,,, : it X s T

\ 95% af P, e o
] ,/ /
\ 0% af Py | R ..}
\ v
i RS | 85
1 o
1 s
L B0%afPy g

¢

i/

0 ®. & >
Tq i T T, T,
Tilladt
reverserin

Tid

Figur SP4

Krav tilPFAPHI ikke-synkrone produktionsanleeg, demmplaceresed et ikkesynkront ener-

gilageranlaeg uden forbrugsanleeg, og hvor det samlede anlaeg har veeret i forbrugstilstand:
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Aktiv effekt Pure greense

Nedre
. grense

0
T, T, 2 Tid
IR Figur SP5
reversering
N Maksimalt 5 sekunder o
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