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European foreword 89 

This document (EN 50549-2:2018) has been prepared by CLC/TC 8X “System aspects of 90 
electrical energy supply”. 91 

This document is currently submitted to vote. 92 

The following dates are proposed: 93 

• latest date by which the existence of 
this document has to be announced 
at national level 

(doa) dor + 6 months 

• latest date by which this document has to be 
implemented at national level by publication 
of an identical national standard or by 
endorsement 

(dop) dor + 12 months 

• latest date by which the national standards 
conflicting with this document have to 
be withdrawn 

(dow) dor + 36 months 
(to be confirmed or 
modified when voting) 

This document will supersede CLC/TS 50549-2:2015. 94 

This document has been prepared as a deliverable to the EC mandate M/490. 95 

This European Standard relates to both the RfG European Network Code and current 96 
technical market needs. Its purpose is to give detailed description of functions to be 97 
implemented in products. 98 

This European Standard is also intended to serve as a technical reference for the definition of 99 
national requirements where the RfG European Network Code requirements allow flexible 100 
implementation. The specified requirements are solely technical requirements; economic 101 
issues regarding, e.g. the bearing of cost are not in the scope of this document.  102 

CLC/TC 8X plans future standardization work in order to ensure the compatibility of this 103 
European Standard (EN) with the evolution of the legal framework.  104 
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1 Scope 105 

This European Standard specifies the technical requirements for the protection functions and 106 
the operational capabilities for generating plants, intended to operate in parallel with MV 107 
distribution networks. 108 

For practical reasons this EN refers to the responsible party where requirements have to be 109 
defined by an actor other than the DSO e.g. TSO, member state, regulatory authorities 110 
according to the legal framework. Typically the DSO will inform the producer about these 111 
requirements. 112 

NOTE 1 This includes European network codes and their national implementation, as well as additional 113 
national regulations. 114 

NOTE 2 Additional national requirements especially for the connection to the distribution network and the 115 
operation of the generating plant may apply. 116 

The requirements of this European Standard apply, irrespective of the kind of energy source 117 
and irrespective of the presence of loads in the producer’s network, to generating plants, 118 
generating modules, electrical machinery and electronic equipment that meet all of the 119 
following conditions: 120 

– converting any energy source into AC electricity;  121 

– generating modules capacity of type B or smaller according to COMMISSION 122 
REGULATION (EU) 2016/631 while considering national implementation for the decision 123 
regarding power limits between A and B types and B and C types; 124 

– connected to and operated in parallel with an AC MV distribution network. 125 

NOTE 3 Generating plants connected to a LV distribution network fall into the scope of EN 50549–1. 126 

NOTE 4  Electrical energy storage systems (EESS) in meeting the conditions above are included 127 

If generating modules of different type (A or B) are combined in one plant, different 128 
requirements apply for the different modules based on the type of each module.  129 

EXAMPLE: If a generating plant consists of multiple generating modules (see 3.2.1), according to COMMISSION 130 
REGLUATION (EU) 2016/631 the situation might occur, that some generating modules are of type A and some 131 
are of type B. 132 

Unless specified otherwise by the DSO and the responsible party, generating plants with a 133 
maximum apparent power up to 150 kVA can, as alternative to the requirements of this 134 
European Standard, comply with EN 50549-1. A different threshold may be defined by the DSO 135 
and the responsible party. 136 

This European Standard recognizes the existence of specific technical requirements (e.g. grid 137 
codes) of the DSO or another responsible party within a member state and these must be 138 
complied with. 139 

Excluded from the scope are: 140 

 the selection and evaluation of the point of connection;  141 

 power system impact assessment e.g. assessment of effects on power quality, local 142 
voltage increase, impact on line protections operation; 143 

 connection assessment, the set of technical verifications made as part of the planning of 144 
the connection; 145 

 island operation of generating plants, both intentional and unintentional, where no part of 146 
the distribution network is involved; 147 

 four-quadrant rectifier of drives feeding breaking energy back into the distribution network 148 
for limited duration with no internal source of primary energy; 149 

 uninterruptible power supply with duration of parallel operation limited to 100 ms; 150 

NOTE 5 Parallel operation due to maintenance of uninterruptible power supply units is not seen as part of 151 
normal UPS operation and therefore not considered in this EN. 152 
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 requirements for the safety of personnel as they are already adequately covered by 153 
existing European Standards. 154 

 the connection of a generating unit, module or plant into a DC network 155 

2 Normative references 156 

The following documents, in whole or in part, are normatively referenced in this document and 157 
are indispensable for its application. For dated references, only the edition cited applies. For 158 
undated references, the latest edition of the referenced document (including any 159 
amendments) applies. 160 

EN 60044-2, Instrument transformers — Part 2: Inductive voltage transformers (IEC 60044-2) 161 

EN 60044-7, Instrument transformers — Part 7: Electronic voltage transformers (IEC 60044-7) 162 

EN 60255-127, Measuring relays and protection equipment — Part 127: Functional requirements for 163 

over/under voltage protection (IEC 60255-127) 164 

EN 61000-4-30, Electromagnetic compatibility (EMC) — Part 4-30: Testing and measurement 165 

techniques — Power quality measurement methods (IEC 61000-4-30) 166 

EN 61869-3, Instrument transformers — Part 3: Additional requirements for inductive voltage 167 

transformers (IEC 61869-3) 168 

3 Terms and definitions 169 

For the purposes of this document, the following terms and definitions apply.  170 

Note: Terms and definitions are selected to achieve consistency with IEV (cf. www.electropedia.org) and 171 
CENELEC terminology, recognizing that terms in COMMISSION REGULATION (EU) 2016/631 may deviate. 172 

3.1 General 173 

3.1.1 174 

distribution network 175 
AC electrical network, including closed distribution networks, for the distribution of electrical power 176 
from and to third parties connected to it, to and from a transmission or another distribution network, for 177 
which a DSO is responsible 178 

Note 1 to entry: A distribution network does not include the producer’s network. 179 

3.1.2 180 

closed distribution network 181 
system which distributes electricity within an industrial, commercial or shared services site, that is 182 
geographically confined, and does not supply households customers (without excluding the option of a 183 
small number of households served by the system that have an employment or similar associations 184 
with the owner of the system)  185 

Note 1 to entry: A closed distribution network will either be used to integrate the production processes of the 186 
network users for specific or technical reasons or distribute electricity primarily to the operator of the closed 187 
distribution network or his related undertakings. 188 

[SOURCE: Directive 2009/72/EC, article 28, modified] 189 
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3.1.3 190 

distribution system operator 191 

DSO 192 
natural or legal person responsible for the distribution of electrical power to final customers and for 193 
operating, ensuring the maintenance of and, if necessary, developing the distribution network in a 194 
given area 195 

Note 1 to entry: As this document is applicable to distribution grids, DSO is used for relevant system operator 196 
according to article 2 (13) of COMMISSION REGULATION 2016/631. 197 

Note 2 to entry: In some countries, the distribution network operator (DNO) fulfils the role of the DSO. 198 

3.1.4 199 

transmission system operator  200 
natural or legal person responsible for operating, ensuring the maintenance of and, if 201 
necessary, developing the transmission system in a given area and, where applicable, its 202 
interconnections with other power systems, and for ensuring the long-term ability of the power 203 
system to meet reasonable demands for the transmission of electricity  204 

3.1.5 205 
responsible party 206 
party, that according to the legal framework is responsible to define requirements or parameters 207 
according to COMMISSION REGLUALTION 2016/631 e.g. TSO, member state, regulatory authority 208 

3.1.6 209 
low voltage (LV) distribution network 210 
electric distribution network with a voltage whose nominal r.m.s. value is Un ≤ 1 kV 211 

3.1.7 212 
medium voltage (MV) distribution network 213 
electric distribution network with a voltage whose nominal r.m.s. value is 1 kV < Un ≤ 36 kV 214 
 215 
Note 1 to entry: Because of existing network structures, the upper boundary of MV can be different in some 216 
countries. 217 

3.1.8 218 

power system stability 219 
capability of a power system to regain a steady state, characterized by the synchronous operation of 220 
the generating plants after a disturbance 221 

[SOURCE: IEV 603-03-01] 222 

3.1.9 223 

producer 224 
natural or legal person who already has connected or is planning to connect an electricity generating 225 
plant to a distribution network 226 

3.1.10 227 

producer’s network 228 
AC electrical installations downstream from the point of connection operated by the producer for 229 
internal distribution of electricity 230 

Note 1 to entry: When the internal distribution network is identical to an electrical network of a customer having 231 
his own generating plant, where one or more generating units are connected to this internal distribution network 232 
behind a point of connection, then this network may be also referred as prosumer’s network. 233 

3.1.11 234 

downstream 235 
direction in which the active power would flow if no generating units, connected to the distribution 236 
network, were running 237 
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3.1.12 238 

point of connection 239 

POC 240 
reference point on the electric power system where the user’s electrical facility is connected 241 

Note 1 to entry: For the purpose of this standard, the electric power system is the distribution network. 242 

[SOURCE: IEV 617-04-01 modified] 243 

3.1.13 244 

operating in parallel with the distribution network 245 
situation where the generating plant is connected to a distribution network and operating 246 

3.1.14 247 

temporary operation in parallel with the distribution network 248 
conditions in which the generating plant is connected during defined short periods to a distribution 249 
network to maintain the continuity of the supply and to facilitate testing  250 

3.1.15 251 
nominal value 252 
value of a quantity used to designate and identify a component, device, equipment, or system 253 

Note to entry: The nominal value is generally a rounded value. 254 

[SOURCE: IEV 151-16-09] 255 

3.2 Plant, module and unit 256 

3.2.1 257 

generating module 258 
either a generating unit of synchronous generating technology or the sum of all generating units of 259 
non-synchronous generating technology connected to a common point of connection including all 260 
elements needed to feed electric power to the distribution grid 261 

Note 1 to entry: In some documents this can mean a power-generating module.  262 

Note 2 to entry: Generating modules in the context of this document can be of type A or type B according to the 263 
definition of COMMISSION REGULATION 2016/631, article 5. 264 

 265 

 266 

Figure 1 — Generating module at a common POC 267 
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Unit
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NSGT: non-synchronous generating technology 
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3.2.2 268 

generating plant 269 
sum of generating modules connected at one point of connection, including auxiliaries and all 270 
connection equipment 271 

Note 1 to entry: In some documents this can mean a power-generating plant.  272 

Note 2 to entry: This definition is intended to be used for verification of compliance to the technical requirements 273 
of this standard. It may be different to the legal definition of a plant. 274 

3.2.3 275 

generating unit 276 
smallest set of installations which can generate electrical energy running independently and which can 277 
feed this energy into a distribution network 278 

Note 1 to entry: In some documents this can mean a power-generating unit.  279 

Note 2 to entry: For example, a combined cycle gas turbine (CCGT) consisting of a gas turbine and a steam 280 
turbine or an installation of an internal combustion engine (ICE) followed by an organic rankine cycle (ORC) 281 
machine are considered both as a single generating unit. 282 

Note 3 to entry: If a generating unit is a combination of technologies leading to different requirements, this has to 283 
be resolved case by case. 284 

Note 4 to entry: A electrical energy storage EES operating in electricity generation mode and AC connected to the 285 
distribution network is considered to be a generating unit. 286 

3.2.4 287 

Void 288 

 289 

3.2.5 290 

Void 291 

 292 

3.2.6 293 

synchronous generating technology 294 
technology where a generating unit is based on a synchronous machine which is directly coupled to 295 
an electric power system 296 

3.2.7 297 

non-synchronous generating technology 298 
technology where a generating unit is connected non-synchronously to an electric power system  299 

EXAMPLE induction machine (non-synchronously connected in COMMISSION REGULATION 2016/631), 300 
converter based technology (connected through power electronics in COMMISSION REGULATION 2016/631) 301 

3.2.8 302 

cogeneration 303 

combined heat and power 304 

CHP 305 
combined generation of electricity and heat by an energy conversion system and the concurrent use of 306 
the electric and thermal energy from the conversion system 307 

3.2.9 308 

void 309 
  310 
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3.2.10 311 
electrical energy storage system 312 
EES system  313 
EESS  314 
grid-integrated installation with defined electrical boundaries, comprising of at least one EES, 315 
whose purpose is to extract electrical energy from an electric power system, store this energy 316 
internally in some manner and inject electrical energy into an electrical power system an d 317 
which includes civil engineering works, energy conversion equipment and related ancillary 318 
equipment. 319 

Note 1 to entry: The EES system is controlled and coordinated to provide services to the electric power system 320 
operators or to the electric power system users.  321 

Note 2 to entry: In some cases, an EES system may require an additional energy source during its discharge, 322 
providing more energy to the electric power system than the energy it stored.  323 

[SOURCE: IEC 62933-1 ED1] 324 

3.2.11 325 
electrical energy storage  326 
EES  327 
installation able to absorb electrical energy, to store it for a certain amount of time and to 328 
release electrical energy during which energy conversion processes may be included  329 

EXAMPLE A device that absorbs AC electrical energy to produce hydrogen by electrolysis, stores the hydrogen, 330 
and uses that gas to produce AC electrical energy is an EES.  331 

Note 1 to entry: EES may be used also to indicate the activity of an apparatus described in the definition during 332 
performing its own functionality. 333 

[SOURCE: IEC 62933-1 ED1] 334 

3.3 Power 335 

3.3.1 336 

P 337 

active power 338 

under periodic conditions, mean value, taken over one period T, of the instantaneous power p 339 

 340 

𝑷 =  
𝟏

𝑻
∫ 𝒑d𝒕

𝑻

𝟎

 

Note 1 to entry: Under sinusoidal conditions, the active power is the real part of the complex power S, thus P = Re 341 

S. 342 

Note 2 to entry: The coherent SI unit for active power is watt, W. 343 
[SOURCE: IEV 131-11-42] 344 

3.3.2 345 

PD 346 

design active power 347 
maximum AC active power output at an active factor of 0,95 or the active factor specified by the DSO 348 
or the responsible party for a certain generating plant or generating technology 349 

3.3.3 350 

Pmax 351 

maximum active power 352 
maximum continuous active power, measured in a 10 min average, which a generating unit or the sum 353 
of all the generating units in a generating plant can produce, minus any loads associated solely with 354 
facilitating the operation of that generating plant and not fed into the network as specified in the 355 
connection agreement or as agreed between the DSO and the generating plant operator 356 
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3.3.5 357 
P

M
 358 

momentary active power 359 
actual AC active power output at a certain instant 360 

3.3.6 361 

PA  362 

available active power  363 
maximum AC active power available from the primary energy source after power conversion subject to 364 
the availability and magnitude of that primary energy source at the relevant time 365 

Note 1 to entry: The available active power considers all constraints regarding e.g. the primary energy source or 366 
the availability of a heat sink for CHP. 367 

3.3.7 368 

rated current 369 
maximum continuous AC output current which a generating unit or generating plant is designed to 370 
achieve under normal operating conditions 371 

3.3.8 372 

Smax 373 

maximum apparent power  374 
maximum AC apparent power output, measured in a 10 min average, that the generating unit or the 375 
sum of all the generating units in a generating plant is designed to achieve under normal operating 376 
conditions 377 

3.3.9 378 

primary energy source 379 
non-electric energy source supplying an electric generating unit 380 

Note 1 to entry: Examples of primary energy sources include natural gas, wind and solar energy. These sources 381 
can be utilized, e.g. by gas turbines, wind turbines and photovoltaic cells. 382 

3.4 Voltage 383 

3.4.1 384 
U

n 385 

nominal voltage  386 
voltage by which a supply network is designated or identified and to which certain operating 387 
characteristics are referred 388 

3.4.2 389 

fn 390 

nominal frequency  391 
frequency used to designate and identify equipment or a power system 392 

Note 1 to entry: For the purpose of this standard, the nominal frequency fn is 50 Hz.  393 

[SOURCE: IEV 151-16-09, modified] 394 

3.4.3 395 
UC 396 

declared supply voltage 397 
supply voltage UC agreed by the power system operator and the network user 398 

Note 1 to entry: Generally declared supply voltage UC is the nominal voltage Un but it may be different according 399 
to the agreement between the DSO and the network user. 400 

[SOURCE: EN 50160] 401 
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3.4.4 402 

reference voltage 403 
value specified as the base on which residual voltage, thresholds and other values are expressed in 404 
per unit or percentage terms 405 

Note 1 to entry: For the purpose of this standard, the reference voltage is the nominal voltage or the declared 406 
voltage of the distribution network. 407 

[SOURCE: EN 50160:2010, 3.18, modified] 408 

3.4.5 409 

voltage change 410 
variation of the r.m.s. value of a voltage between two consecutive levels sustained for definite but 411 
unspecified durations 412 

[SOURCE: IEV 161-08-01, modified] 413 

3.4.7 414 

under-voltage ride through 415 

UVRT 416 
ability of a generating unit or generating plant to stay connected during voltage dips 417 

Note 1 to entry: In some documents the expression low voltage ride through (LVRT) is used for the same concept. 418 

3.4.8 419 

over-voltage ride through 420 

OVRT 421 
ability of a generating unit or generating plant to stay connected during voltage swells 422 

Note 1 to entry: In some documents the expression high voltage ride through (HVRT) is used for the same 423 
concept. 424 

3.5 Circuit theory 425 

3.5.1 426 

active factor 427 
for a two-terminal element or a two-terminal circuit under sinusoidal conditions, ratio of the active 428 
power to the apparent power 429 

Note 1 to entry: In a three phase system, this is referring to the positive sequence component of the fundamental. 430 

Note 2 to entry: The active factor is equal to the cosine of the displacement angle. 431 

[SOURCE: IEV 131-11-49, modified] 432 

3.5.2 433 

φ  434 

displacement angle 435 
under sinusoidal conditions, phase difference between the voltage applied to a linear two-terminal 436 
element or two-terminal circuit and the electric current in the element or circuit 437 

Note 1 to entry: In a three phase system, this is referring to the positive sequence component of the fundamental. 438 

Note 2 to entry: The cosine of the displacement angle is the active factor.  439 

[SOURCE: IEV 131-11-48, modified] 440 

3.5.3 441 

power factor 442 
under periodic conditions, ratio of the absolute value of the active power P to the appare nt 443 
power S: 444 
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P

S
 

 445 

Note 1 to entry: Under sinusoidal conditions, the power factor is the absolute value of the active factor.  446 

[SOURCE: IEV 131-11-46] 447 

3.5.4 448 

fundamental components of a three-phase system 449 

 450 

3.5.4.1 451 

phasor 452 
representation of a sinusoidal integral quantity by a complex quantity whose argument is equal to the 453 
initial phase and whose modulus is equal to the root-mean-square value 454 

Note 1 to entry: For a quantity a(t) = A √2 cos(ωt +Ө0) the phasor is A exp jӨ0.  455 

Note 2 to entry: The similar representation with the modulus equal to the amplitude is called “amplitude phasor”. 456 

Note 3 to entry: A phasor can also be represented graphically.  457 

[SOURCE: IEV 131-11-26, modified] 458 

3.5.4.2 459 

positive sequence component of the fundamental 460 
for a three-phase system with phases L1, L2 and L3, the symmetrical sinusoidal three-phase set of 461 
voltages or currents having frequency equal to the fundamental frequency and which is defined by the 462 
following complex mathematical expression: 463 

 L3
2

L2L11 aa
3

1
XXXX 

 464 

where 465 

a = e
j2π/3

 is the 120 degree operator, 466 

XL1, XL2 and XL3 are the complex expressions of the fundamental frequency phase quantities 467 
concerned, that is, current or voltage phasors 468 

Note 1 to entry: In a balanced harmonic-free system, only positive sequence component of the fundamental 469 
exists. For example, if phase voltage phasors are symmetrical UL1 = Ue

jθ
, UL2 = Ue

j(θ+4
π

/3)
 and UL3 = Ue

j(θ+2
π

/3)
 470 

then U1 = (Ue
jθ
 + e

j2
π

/3
 Ue

j(θ+4
π

/3)
 + e

j4
π

/3
 Ue

j(θ+2
π

/3)
)/3 = (Ue

jθ
 + Ue

jθ
 + Ue

jθ
)/3 = Ue

jθ
 471 

[SOURCE: IEV 448-11-27] 472 

3.5.4.3 473 

negative sequence component of the fundamental 474 
for a three-phase system with phases L1, L2 and L3, the symmetrical sinusoidal three-phase set of 475 
voltages or currents having frequency equal to the fundamental frequency and which is defined by the 476 
following complex mathematical expression: 477 

 L3L2
2

L12 aa
3

1
XXXX 

 478 

where 479 

a = e
j2π/3

 is the 120 degree operator 480 
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XL1, XL2 and XL3 are the complex expressions of the fundamental frequency phase quantities 481 
concerned, that is, current or voltage phasors 482 

Note 1 to entry: Negative sequence voltage or current components may be significant only when the voltages or 483 
currents, respectively, are unbalanced. For example, if phase voltage phasors are symmetrical UL1 = Ue

jθ
, 484 

UL2 = Ue
j(θ+4

π
/3)

 and UL3 = Ue
j(θ+2

π
/3)

 then the negative sequence component U2 = (Ue
jθ
 + e

j4
π

/3
 Ue

j(θ+4
π

/3)
 + e

j2
π

/3
 485 

Ue
j(θ+2

π
/3)

)/3 = Ue
jθ
 (1 + e

j2
π

/3
 + e

j4
π

/3
)/3 = 0. 486 

[SOURCE: IEV 448-11-28] 487 

3.5.4.4 488 

zero sequence component of the fundamental 489 
for a three-phase system with phases L1, L2 and L3, the in-phase sinusoidal voltage or current 490 
component having the fundamental frequency and equal amplitude in each of the phases and which is 491 
defined by the following complex mathematical expression: 492 

 L3L2L10
3

1
XXXX 

 493 

where 494 

XL1, XL2 and XL3 are the complex expressions of the fundamental frequency phase quantities 495 
concerned, that is, current or voltage phasors 496 

[SOURCE: IEV 448-11-29] 497 

3.6 Protection 498 

3.6.1 499 

protection system 500 
arrangement of one or more protection equipment, and other devices intended to perform one or more 501 
specified protection functions 502 

Note 1 to entry: A protection system includes one or more protection equipment, instrument transformer(s), wiring, 503 
tripping circuit(s), auxiliary supply(s) and, where provided, communication system(s). Depending upon the 504 
principle(s) of the protection system, it may include one end or all ends of the protected section and, possibly, 505 
automatic reclosing equipment. 506 

Note 2 to entry: The circuit-breaker(s) are excluded.  507 

[SOURCE: IEV 448-11-04] 508 

3.6.2 509 

protection relay 510 
measuring relay which detects faults or other abnormal conditions in a power system or of a power 511 
equipment 512 

Note 1 to entry: A protection relay is a component part of a protection system.  513 

Note 2 to entry: An interface protection relay is a protection relay acting on the interface switch.  514 

[SOURCE: IEV 447-01-14] 515 

3.6.3 516 

circuit-breaker 517 
mechanical switching device, capable of making, carrying and breaking currents under normal circuit 518 
conditions and also making, carrying for a specified duration and breaking currents under specified 519 
abnormal circuit conditions such as those of short circuit 520 

 [SOURCE: IEV 441-14-20] 521 
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3.6.4 522 

interface protection system 523 
protection system that acts on the interface switch 524 

3.6.5 525 

interface protection relay 526 
combination of different protection relay functions which opens the interface switch of a generating unit 527 
and prevents its closure, whichever is appropriate in case of: 528 

– a fault on the distribution network (with reference to POC voltage level); 529 

– an islanding situation; 530 

– the presence of voltage and frequency values outside the corresponding regulation values 531 

3.6.6 532 

basic protection 533 
protection against electric shock under fault-free conditions 534 

[SOURCE: IEV 195-06-01] 535 

3.6.7 536 

basic insulation 537 
insulation of hazardous-live-parts which provides basic protection 538 

Note 1 to entry: This concept does not apply to insulation used exclusively for functional purposes. 539 

[SOURCE: IEV 195-06-06] 540 

3.6.8 541 

disconnection 542 
separation of the active parts of the main circuit of the generating unit or plant from the network with 543 
mechanical contacts providing at least the equivalent of basic insulation 544 

Note 1 to entry: Passive components like filters, auxiliary power supply to the generating unit and sense circuits 545 
can remain connected. 546 

Note 2 to entry: For the design of basic insulation all voltage sources should be considered.  547 

3.6.9 548 

switch 549 
device for changing the electric connections among its terminals 550 

[SOURCE: IEV 151-12-22] 551 
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 552 

Figure 2 — Example of an generating plant connected to a distribution network 553 
(schematic view of switches) 554 

3.6.9.1 555 

main switch 556 
switch installed as close as possible to the point of connection, for protection against internal faults 557 
and disconnection of the whole plant from the distribution network 558 

Note 1 to entry: See also Figure 2. 559 

3.6.9.2 560 

interface switch 561 
switch (circuit breaker, switch or contactor) installed in the producer’s network, for separating the 562 
part(s) of the producer’s network containing at least one generating unit from the distribution network 563 

Note 1 to entry: See also Figure 2. 564 

Note 2 to entry: In some situations, the interface switch may be used to enable island operation of part of the 565 
producer’s network, if technically feasible. 566 

3.6.9.3 567 

generating unit switch 568 
switch installed electrically close to the terminals of each generating unit of the generating plant, for 569 
protection and disconnection of that generating unit 570 

Note 1 to entry: See also Figure 2. 571 

3.6.10 572 

observation time 573 
time during which all the voltage and the frequency values are observed to be within a specified range 574 
prior to a generating plant connection to the distribution network or start to generate electric power 575 
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3.6.11 576 

Interface protection system timing 577 

 578 

3.6.11.1 579 

energizing quantity 580 
input value by which the protection function is activated when it is applied under specified conditions  581 

Note 1 to entry: See also Figure 3. 582 

[SOURCE: IEV 442-05-58 modified] 583 

3.6.11.2 584 

start time 585 
duration of the time interval between the instant when the energizing quantity of the measuring relay in 586 
reset condition is changed, under specified conditions, and the instant when the start signal asserts 587 

Note 1 to entry: See also Figure 3. 588 

[SOURCE: EN 60255-151, modified] 589 

3.6.11.3 590 

time delay setting 591 
intentional delay that might be adjustable by the user 592 

Note 1 to entry: See also Figure 3. 593 

3.6.11.4 594 

operate time 595 
duration of the time interval between the instant when the energizing quantity of a measuring relay in 596 
reset condition is changed, under specified conditions, and the instant when the relay operates 597 

Note 1 to entry: See also Figure 3. 598 

Note 2 to entry: Operate time is start time plus time delay setting. 599 

[SOURCE: IEV 447-05-05, modified] 600 

3.6.11.5 601 

disconnection time 602 
sum of operate time of the protection system and the opening time of the interface switch 603 

Note 1 to entry: See also Figure 3 where the CB opening time indicates the opening time.  604 

3.6.11.6 605 

reset time 606 
duration of the time interval between the instant when the energizing quantity of a measuring relay in 607 
operate condition is changed, under specified conditions, and the instant when the relay resets 608 

Note 1 to entry: See also Figure 3. 609 

[SOURCE: IEV 447-05-06, modified] 610 

3.6.11.7 611 

disengaging time 612 
duration of the time interval between the instant a specified change is made in the value of the input 613 
energizing quantity which will cause the relay to disengage and instant it disengages 614 

Note 1 to entry: See also Figure 3. 615 

[SOURCE: IEV 447-05-10] 616 
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 617 

Figure 3 — Main times defining the interface protection performance 618 

3.6.12 619 

islanding 620 
situation where a section of the distribution network, containing generating plants, becomes physically 621 
disconnected from the rest of distribution network and one or more generating units maintain a supply 622 
of electrical energy to the isolated section of the distribution network 623 

3.7 Control 624 

3.7.1 625 

generating plant controller 626 
functional controller which ensures the completion of performance requirements at the POC of a 627 
generating plant, usually by utilizing external measurement signals from the POC to generate 628 
reference to a sub structure, e.g. the generating units 629 

3.7.2 630 

droop 631 
ratio of the per-unit change in frequency (Δf)/fn (where fn is the nominal frequency) to the per-unit 632 
change in power (ΔP)/Pref (where Pref is the reference power): 633 

s= - (Δf/fn) / (ΔP/Pref) 634 

[SOURCE: IEV 603-04-08, modified] 635 
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3.7.3 636 

step response behaviour 637 

 638 

 639 

Figure 4 — Timing, step response time and settling time 640 

3.7.3.1 641 

dead time 642 
time from a sudden change of a control quantity until the instant the corresponding change of an 643 
output quantity begins 644 

Note 1 to entry: See also Figure 4 645 

3.7.3.2 646 

step response time 647 
time from a sudden change of a control quantity until the instant the corresponding change of an 648 
output quantity has reached the tolerance band of the set value for the first time 649 

Note 1 to entry: See also Figure 4. 650 

3.7.3.3 651 

settling time 652 
time from a sudden change of a control quantity until the instant, from where on the corresponding 653 
change of an output quantity remains within the tolerance band of the set value 654 

Note 1 to entry: See also Figure 4. 655 

3.8  656 

single fault tolerance 657 
built-in capability of a system to provide continued correct execution of its function in the presence of a 658 
single fault 659 

[SOURCE: IEV 394-33-13, modified] 660 
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3.9  661 
common cause failures 662 
failures of multiple items, which would otherwise be considered independent of one another, 663 
resulting from a single cause 664 

Note 1 to entry: Common cause failures can also be "common mode failures" (IEV 192-03-19). 665 

Note 2 to entry: The potential for common cause failures reduces the effectiveness of system redundancy. 666 

[SOURCE:  IEV 192-03-18] 667 

4 Requirements on generating plants 668 

4.1 General 669 

This clause defines the requirements on generating plants to be operated in parallel with the 670 
distribution network. Where settings or a range of configurability is provided and respecting 671 
the legal framework the configurations and settings may be provided by the DSO. Where no 672 
settings are provided by the DSO, the specified default settings shall be used; if no default 673 
settings are provided, the producer shall propose settings and inform the DSO. 674 

The requirements of Clause 4 apply during normal operation of the generating units and do 675 
not apply in case of maintenance or units out of operation. The provisions apply to EESS in 676 
generation mode. In charging mode EESS should have the same characteristics, unless 677 
stated otherwise in the clauses of this European Standard. 678 

The applicability is independent of the duration the generating unit operates in parallel with 679 
the distribution network. It is the responsibility of the DSO to relax, if deemed appropriate, the 680 
requirements for an individual generating unit or plant whose operation in parallel only lasts 681 
for a short time (temporary operation in parallel). The relaxed requirements shall be agree d 682 
between the DSO and the producer, along with the maximum allowable duration of the 683 
temporary operation in parallel. For the short-term parallel operation an appropriate device 684 
shall automatically disconnect the generating unit or plant as soon as the max imum allowable 685 
duration has elapsed. 686 

If different requirements on the generating plant interfere with each other , the following 687 
hierarchy in descending order shall be applied:  688 

1. Generating unit protection, including regarding the prime mover; 689 

2. interface protection (see 4.9) and protection against faults within the generating plant; 690 

3. voltage support during faults and voltage steps (see 4.7.4); 691 

4. the lower value of: remote control command on active power limitation for distribution grid security 692 

(see 4.11) and local response to overfrequency (see 4.6.1); 693 

5. local response to underfrequency if applicable (see 4.6.2); 694 

6. reactive power (see 4.7.2) and active power (P(U) see 4.7.3) controls; 695 

7. other control commands on active power set point for e.g. market, economic reasons, self-696 

consumption optimization. 697 

The system shall be so designed that under foreseeable conditions no self -protection trips 698 
prior to the fulfilment of the requirements of this European Standard  and all settings provided 699 
by the DSO or responsible party.  700 

For cogeneration plants embedded in industrial sites, active power requirements shall be 701 
agreed between the responsible party and the producer. In such a case the priority list is 702 
adapted accordingly. 703 
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Besides the requirements of Clause 4, additional requirements apply for connecting a 704 
generating plant to the distribution network, e.g. assessment of the point of connection. 705 
However, this is excluded from the scope of this European Standard but some guidance is 706 
provided in the informative Annex A. 707 

4.2 Connection scheme 708 

The connection scheme of the generating plant shall be in compliance with the requirements 709 
of the DSO. Different requirements may be subject to agreement between the producer and 710 
the DSO depending on the power system needs. 711 

Inter alia, the generating plant shall ensure the following:  712 

• synchronization, operation and disconnection under normal network operating conditions, i.e. in 713 

the absence of faults or malfunctions; 714 

• faults and malfunctions within the generating plant shall not impair the normal functioning 715 

of the distribution network; 716 

• coordinated operation of the interface switch with the generating unit switch, the main switch and 717 

switches in the distribution network, for faults or malfunctions within the generating plant or the 718 

DSO network during operation in parallel with the distribution network; and 719 

• disconnection of the generating plant from the distribution network by tripping the interface switch 720 

according to 4.9. 721 

In order to satisfy the above functions, coordinated but independent switches and protection 722 
equipment may be applied in the generating plant, as shown in the example in Figure 2. 723 

4.3 Choice of switchgear 724 

4.3.1 General 725 

Switches shall be chosen based on the characteristics of the power system in which they are 726 
intended to be installed. For this purpose, the short circuit current at the installation point 727 
shall be assessed, taking into account, inter alia, the short circuit current contribution of the 728 
generating plant. 729 

A means of isolating the generating plant shall be accessible to the DSO at all times, unless the DSO 730 
requires using an alternative method. 731 

4.3.2 Interface switch 732 

Switches shall be power relays, contactors or mechanical circuit breakers each having a 733 
breaking and making capacity corresponding to the rated current of the generating plant and 734 
corresponding to the short circuit contribution of the generating plant.  735 

The short-time withstand current of the switching devices shall be coordinated with rated short 736 
circuit power at the point of connection.  737 

In case of loss of auxiliary supply power to the switchgear, a secure disconnection of the 738 
switch is required immediately. 739 

NOTE  For PV-inverters, further requirements are stated in EN 62109–1 and EN 62109–2 with respect to the 740 
interface switch. 741 

The function of the interface switch might be combined with either the main switch or the 742 
generating unit switch in a single switching device. In case of a combination, the single 743 
switching device shall be compliant to the requirements of both, the interface switch and the 744 
combined main switch or generating unit switch. As a consequence, at least two switches in 745 
series shall be present between any generating unit and the POC.  746 

4.4 Normal operating range 747 

4.4.1 General 748 

Generating plants when generating power shall have the capability to operate in the operating 749 
ranges specified below regardless of the topology and the settings of the interface protection.  750 
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4.4.2 Operating frequency range 751 

The generating plant shall be capable of operating continuously when the frequency at the 752 
point of connection stays within the range of 49 Hz to 51 Hz. 753 

In the frequency range from 47 Hz to 52 Hz the generating plant should be capable of 754 
operating until the interface protection trips. Therefore, the generating plant shall at least be 755 
capable of operating in the frequency ranges, for the duration and for the minimum 756 
requirement as indicated in Table 1. 757 

Respecting the legal framework, it is possible that for some synchronous areas more stringent 758 
time periods and/or frequency ranges will be required by the DSO and the responsible party. 759 
Nevertheless, they are expected to be within the boundaries of the str ingent requirement as 760 
indicated in Table 1 unless producer, DSO, TSO and responsible party agree on wider 761 
frequency ranges and longer durations. 762 

NOTE  For small isolated distribution networks (typically on islands) even more stringent time periods and 763 
frequency ranges may be required. 764 

Table 1 — Minimum time periods for operation in underfrequency and overfrequency 765 
situations 766 

Frequency Range 

Time period for operation 

 
Minimum requirement 

Time period for operation 

 
stringent requirement 

47,0 Hz – 47,5 Hz not required 20 s 

47,5 Hz – 48,5 Hz 30 min 
a
 90 min 

48,5 Hz – 49,0 Hz 30 min 
a
 90 min 

a
 

49,0 Hz – 51,0 Hz Unlimited Unlimited 

51,0 Hz – 51,5 Hz 30 min 
a
 90 min 

51,5 Hz – 52,0 Hz not required 15 min 

a
 Respecting the legal framework, it is possible that longer time periods are required by the 

responsible party in some synchronous areas. 

4.4.3 Minimal requirement for active power delivery at underfrequency 767 

A generating plant shall be resilient to the reduction of frequency at the point of connection 768 
while reducing the maximum active power as little as possible.  769 

The admissible active power reduction due to underfrequency is limited by the full line in 770 
Figure 5 and is characterized by a maximum allowed reduction rate of 10 % of P max per 1 Hz 771 
for frequencies below 49,5 Hz. 772 

It is possible that a more stringent power reduction characteristic is required by the 773 
responsible party. Nevertheless this requirement is expected to be limited to an admissible 774 
active power reduction represented by the dotted line in Figure 5 which is characterised by a 775 
reduction rate of 2 % of the maximum power Pmax per 1 Hz for frequencies below 49 Hz.  776 

If any technologies intrinsic design or ambient conditions have influence on the power 777 
reduction behaviour of the system, the manufacturer shall specify at which ambient conditions 778 
the requirements can be fulfilled and eventual limitations. The information can be pro vided in 779 
the format of a graph showing the intrinsic behaviour of the generating unit for example at 780 
different ambient conditions. The power reduction and the ambient conditions shall comply 781 
with the specification given by the responsible party. If the generating unit does not meet the 782 
power reduction at the specified ambient conditions, the producer and the responsible party 783 
shall agree on acceptable ambient conditions.  784 
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 785 

Figure 5 — Maximum allowable power reduction in case of underfrequency 786 

4.4.4 Continuous operating voltage range 787 

When generating power, the generating plant shall be capable of operating continuously when 788 
the voltage at the point of connection stays within the range 90 % UC to 110 % UC. Beyond 789 
these values the under and over voltage ride through immunity limits as specified in clause 790 
4.5.3 and 4.5.4 shall apply. 791 

In case of voltages below95 % UC, it is allowed to reduce the apparent power to maintain the 792 
current limits of the generating plant. The reduction shall be as small as technically feasible.  793 

For this requirement all phase to phase voltages and in case a neutral is connected, 794 
additionally all phase to neutral voltages shall be evaluated. 795 

NOTE The specified accepted reduction of output power is an absolute minimum requirement. Further power 796 
system aspects might require maintained output power in the entire continuous operation voltage range. 797 

The producer shall take into account the typical voltage rise and voltage drop within the 798 
generating plant. If additional components such as transformers, transformers with tap changer, etc. 799 
are used in the generating plant, their possible effects shall also  be taken into account. 800 

EN 50160 allows the voltage in MV distribution grids to go down to 85 % Uc for a limited time. The 801 
operational capability  of the power plant in this condition shall be taken into account by the 802 
manufacturers and the operator of the power plant. Clause 4.5.3 specifies additional requirements at 803 
voltages below 90%Un 804 

4.5 Immunity to disturbances 805 

4.5.1 General 806 

In general, generating plants should contribute to overall power system stability by providing 807 
immunity towards dynamic voltage changes unless safety standards require a disconnection. 808 

The following clauses describe the required immunity for generating plants taking into account 809 
the connection technology of the generating modules.  810 

The following withstand capabilities shall be provided regardless of the settings of the 811 
interface protection. 812 

NOTE An event on the HV and EHV transmission network can affect numerous small scale units on MV and 813 
LV level. Depending on the penetration of dispersed generation, a significant loss of active power provision can 814 
be caused. 815 

5049,54948,54847,5

5%

10%

15%

20%

M
a

x
im

u
m

 a
llo

w
e

d
 ∆
P

/P
M

Frequency [Hz]

Requirement

Most stringent



DRAFT prEN50549-2 

24 

4.5.2 Rate of change of frequency (ROCOF) immunity 816 

ROCOF immunity of a power generating plant means that the generating modules in this plant 817 
stay connected with the distribution network and are able to operate when the frequency on 818 
the distribution network changes with a specified ROCOF. The generating units and all 819 
elements in the generating plant that might cause their disconnection or impact their 820 
behaviour shall have this same level of immunity.  821 

The generating modules in a generating plant shall have ROCOF immunity for a ROCOF 822 
equal or exceeding the value specified by the responsible party. If no ROCOF immunity value 823 
is specified, the following ROCOF immunity shall apply, making distinction between 824 
generating technologies: 825 

 Non-synchronous generating technology: at least 2 Hz/s 826 

 Synchronous generating technology: at least 1 Hz/s 827 

The ROCOF immunity is defined with a sliding measurement window of 500 ms. 828 

NOTE 1 For control action based on frequency measurement shorter measurement periods are expected to 829 
be necessary. 830 

NOTE 2 For small isolated distribution networks (typically on islands) higher ROCOF immunity values may be 831 
required. 832 

NOTE 3 ROCOF is used as a means to detect loss of mains situations in some countries. The ROCOF 833 
immunity requirement is independent of the interface protection settings. Disconnection settings of the interface 834 
protection relay always overrule technical capabilities. So, whether the generating plant will stay connected or not 835 
will also depend upon those settings. 836 

4.5.3 Under-voltage ride through (UVRT) 837 

4.5.3.1 General 838 

Generating modules classified as Type B modules according to COMMISSION REGULATION 839 
2016/631 shall comply with the requirements of 4.5.3.2 and 4.5.3.3. Generating modules 840 
classified as Type A and smaller according to COMMISSION REGULATION 2016/631 should 841 
comply with these requirements. The actual behaviour of Type A modules shall be specified in 842 
the connection agreement. 843 

NOTE 1 Based on the chosen banding threshold it is considered necessary to include generating modules 844 
classified as Type A. Exemption is only acceptable for CHP and generating units based on rotating machinery 845 
below 50 kW as EN 50465 for gas appliance requests disconnection in case of under voltage. 846 

The requirements apply to all kinds of faults (1ph, 2ph and 3ph).  847 

NOTE 2 A more distinctive differentiation for 1ph, 2ph and 3ph faults is under consideration. 848 

NOTE 3 These requirements are independent of the interface protection settings. Disconnection settings of the 849 
interface protection relay will always overrule technical capabilities. So, whether the generating plant will stay 850 
connected or not will also depend upon those settings. 851 

NOTE 4 The FRT curves in Figure 6, Figure 7 and Figure 8 describe the minimum requirements for continued 852 
connection of the generating plant to the grid. They are not designed for parameterising the interface protection. 853 
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4.5.3.2 Generating plant with non-synchronous generating technology 854 

 855 

Figure 6 — Under-voltage ride through capability for non-synchronous generating 856 
technology 857 

Generating modules shall be capable of remaining connected to the distribution network as 858 
long as the voltage at the point of connection remains above the voltage-time curve of Figure 859 
6. The voltage is relative to UC. The smallest phase to neutral voltage, or if no neutral is 860 
present, the smallest phase to phase voltage shall be evaluated.  861 

The responsible party may define a different UVRT characteristic. Nevertheless, this 862 
requirement is expected to be limited to the most stringent curve as indicated in Figure 6. 863 

This means that the whole generating module has to comply with the UVRT requirement. This 864 
includes all elements in a generating plant: the generating units and all elements that might 865 
cause their disconnection. 866 

For the generating unit, this requirement is considered to be fulfilled if it stays connected to 867 
the distribution grid as long as the voltage at its terminals remains above the defined voltage -868 
time diagram. 869 

After the voltage returns to continuous operating voltage range, 90  % of pre-fault power or 870 
available power whichever is the smallest shall be resumed as fast as possible, but at the 871 
latest within 1 s unless the DSO and the responsible party requires another value. 872 

21,510,50

U [p.u.]

Time [s]

default requirement

most stringent

0,6

0,4

0,2

0

1

0,8

1,2

18032,5

(0;1)

(0;0,05)

(0,2;0,05)

(0,25;0,05)

(2;0,85) (3;0,85)

(180;0,85)

(180;0,90)



DRAFT prEN50549-2 

26 

4.5.3.3 Generating plant with synchronous generating technology 873 

 874 

 875 

Figure 7 — Under-voltage ride through capability for synchronous generating 876 
technology 877 

Generating modules shall be capable of staying connected to the distribution network as long 878 
as the voltage at the point of connection remains above the voltage-time curve of Figure 7. 879 
The voltage is relative to UC. The smallest phase to neutral voltage or if no neutral is present 880 
the smallest phase to phase voltage shall  be evaluated. 881 

The responsible party may define a different UVRT characteristic. Nevertheless, this 882 
requirement is expected to be limited to the most stringent curve, indicated in Figure 7. 883 

This means that the whole generating module has to comply with the UVRT requirement. This 884 
includes all elements in a generating plant: the generating units and all elements that might 885 
cause its disconnection. 886 

For the generating unit, this requirement is considered to be fulfilled if it stays c onnected to 887 
the distribution grid as long as the voltage at its terminals remains above the defined voltage -888 
time diagram. 889 

After the voltage returns to continuous operating voltage range, 90  % of pre-fault power or 890 
available power whichever is the smallest shall be resumed as fast as possible, but at the 891 
latest within 3 s unless the DSO and the responsible party requires another value. 892 

4.5.4 Over-voltage ride through (OVRT) 893 

Generating modules shall be capable of staying connected to the distribution network as long 894 
as the voltage at the point of connection remains below the voltage-time curve of Figure 8. 895 

The highest phase to neutral voltage or if no neutral is present the highest phase to phase 896 
voltage shall be evaluated. 897 
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 898 

Figure 8 — Over-voltage ride through capability 899 

This means that not only the generating units shall comply with this OVRT requirement but 900 
also all elements in a generating plant that might cause its disconnection . 901 

NOTE 1 Based on the chosen banding threshold it is considered necessary to include generating modules 902 
classified as Type A. Exemption is only acceptable for CHP and generating units based on rotating machinery 903 
below 50 kW as EN 50465 for gas appliance requests disconnection in case of over voltage. 904 

NOTE 2 These requirements are independent of the interface protection settings. Disconnection settings of the 905 
interface protection relay will always overrule technical capabilities. So, whether the generating plant will stay 906 
connected or not will also depend upon those settings. 907 

NOTE 3 This is a minimum requirement. Further power system stability aspects might be relevant. The 908 
technical discussion is still ongoing. A voltage jump of +10 % of Uc from any stable point of operation is 909 
considered. In case of steady state voltages near the maximum voltage before the event, this will result in an over 910 
voltage situation for many seconds. In later editions of this document, more stringent immunity might be required. 911 

4.6 Active response to frequency deviation 912 

4.6.1 Power response to overfrequency 913 

Generating plants shall be capable of activating active power response to overfrequency at a 914 
programmable frequency threshold f1 at least between and including 50,2 Hz and 52 Hz with a 915 
programmable droop in a range of at least s=2 % to s=12 %. The droop reference is Pref. 916 
Unless defined differently by the responsible party, in the case of synchronous generating 917 
technology and electrical energy storage, Pref=Pmax. In the case of all other non-synchronous 918 
generating technology P ref=PM, the actual AC output power at the instant when the frequency 919 
reaches the threshold f1. If the available primary power decreases during a high frequency 920 
period below the power defined by the droop function, lower power values are permitted. The 921 
power value calculated according to the droop is therefore a maximum limit.  922 

The maximum power limit is: 923 

𝑃𝑚𝑎𝑥−𝑙𝑖𝑚𝑖𝑡 = 𝑃𝑀 + ∆𝑃 

with Δ𝑃 =
1

𝑠
∙

(𝑓1−𝑓)

𝑓𝑛
∙ 𝑃𝑟𝑒𝑓  924 

with f the actual frequency  925 

NOTE 1  In other documents power response to overfrequency can also be described as frequency control or 926 
Limited Frequency Sensitive Mode - Overfrequency (LFSM-O). 927 
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NOTE 2 Respecting the legal framework, it is possible that, as an alternative to PM, the maximum active power 928 
Pmax is required as Pref by the DSO and the responsible party. 929 

NOTE 3 The active power droop relative to the reference power might also be defined as an active power 930 
gradient relative to the reference power. A droop in the range of 2 % to 12 % represents a gradient of 100 % 931 

to 16,7 % Pref /Hz so with g defined by 𝑔 [
𝑃

𝑃𝑟𝑒𝑓
𝐻𝑧⁄ ] =

1

𝑠∙𝑓𝑛
 we get ∆𝑃 = 𝑔 ∙ 𝑃𝑟𝑒𝑓 ∙ (𝑓1 − 𝑓). 932 

The generating plant shall be capable of activating active power response to overfrequency as 933 
fast as technically feasible with an intrinsic dead time that shall be as short as possible with a 934 
maximum of 2 s and with a step response time of maximum 30 s, unless another value is 935 
defined by the relevant party. An intentional delay shall be programmable to adjust the dead 936 
time to a value between the intrinsic dead time and 2 s.  937 

NOTE 4 The following response times are considered feasible, for PV and battery inverters below 1 s for ΔP of 938 
100 % Pmax and for wind turbines 2 s for ΔP < 50 % Pmax. 939 

 940 

Figure 9 — Example of Active power frequency response to overfrequency 941 

After activation, the active power frequency response shall use the actual frequency at any 942 
time, reacting to any frequency increase or decrease according to the programmed droop with 943 
an accuracy of ± 10 % of the nominal power (see Figure 9). The resolution of the frequency 944 
measurement shall be ± 10 mHz or less. The accuracy is evaluated with a 1min average 945 
value. At POC, loads if present in the producer’s network might interfere with the response of 946 
the generating plant. The effect of loads is not considered for the evaluation of the accuracy, 947 
only the behaviour of the generating plant is relevant.  948 

NOTE 5 With the provision above, the intentional delay is only active for the activation of the function, once the 949 
function is operating, the established control loop is not intentionally delayed. 950 

NOTE 6 The option of an intentional delay is required since a very fast and undelayed active power frequency 951 
response in case of loss of mains would correct any excess of generation leading to a generation-consumption 952 
balance. In these circumstances, an unintended islanding situation with stable frequency would take place, in 953 
which the correct behaviour of any loss of mains detection based on frequency might be hindered. 954 

NOTE 7 The intentional delay is considered relevant for power system stability. For that reason, legal 955 
regulations might require a mutual agreement on the setting between DSO, responsible party and TSO. 956 
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Generating plants reaching their minimum regulating level shall, in the event of further 957 
frequency increase, maintain this power level constant unless the DSO and the responsible 958 
party requires to disconnect the complete plant or if the plant consists of multiple units by 959 
disconnecting individual units. 960 

The active power frequency response is only deactivated if the frequency falls below the 961 
frequency threshold f1. 962 

If required by the DSO and the responsible party an additional deactivation threshold 963 
frequency fstop shall be programmable in the range of at least 50 Hz to f1. If fstop is configured 964 
to a frequency below f1 there shall be no response according to the droop in case of a 965 
frequency decrease (see Figure 10). The output power is kept constant until the frequency 966 
falls below fstop for a configurable time tstop. 967 

 968 

Figure 10 — Example of active power frequency response to overfrequency with 969 
configured deactivation threshold 970 

If at the time of deactivation of the active power frequency response the momentary active 971 
power PM is below the available active power PA, the active power increase of the generating 972 
plant shall not exceed the gradient defined in 4.10.2. 973 

Settings for the threshold frequency f1, the droop and the intentional delay are provided by the 974 
DSO and the responsible party. If no settings are provided, the default settings in Table 2 975 
should be applied. 976 

NOTE 8 When applying active power response to overfrequency, the frequency threshold f1 should be set to a 977 
value from 50,2 Hz up to 50,5 Hz. Setting the frequency threshold f1 to 52 Hz is considered as deactivating this 978 
function. 979 

Table 2 — Standard settings for frequency response to overfrequency 980 

Parameter Range Default setting 

Threshold frequency f1 50,2 Hz to 52 Hz 50,2 Hz 

Deactivation threshold fstop 50,0 Hz to f1 Deactivated 

Deactivation time tstop 0 to 600 s 30s 

Droop 2 % to 12 % 5 % 

Intentional delay 0 s to 2 s 0 s 
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The enabling and disabling of the function and its settings shall be field adjustable and means 981 
shall be provided to protect these from unpermitted interference (e.g. password or seal) if 982 
required by the DSO and the responsible party. 983 

NOTE 9 PV generating units are considered to have the ability to reduce power over the full droop range. 984 

NOTE 10 Protection setting overrules this behaviour. 985 

Alternatively for the droop function described above, the following procedure is allowed for 986 
generating modules if permitted by the DSO and the responsible party: 987 

• the generating units shall disconnect at randomized frequencies, ideally uniformly distributed 988 

between the frequency threshold f1 and 52 Hz; 989 

NOTE 11 The usage of a disconnection limit above 51,5Hz does not necessarily imply the requirement to 990 
operate at this frequency. Operating range is defined in clause 4.4.4. If the randomized disconnection value is 991 
above the operating range and interface protection setting, the unit is disconnected according to chapter 4.9 at 992 
the value set by the interface protection. 993 

• in case the frequency decreases again, the generating unit shall start its reconnection procedure 994 

once the frequency falls below the specific frequency that initiated the disconnection; for this 995 

procedure, the connection conditions described in 4.10 do not apply; 996 

• the randomization shall either be at unit level by changing the threshold over time, or on plant 997 

level by choosing different values for each unit within a plant, or on distribution system level if the 998 

DSO specifies a specific threshold for each plant or unit connected to  its distribution system. 999 

NOTE 12 This procedure could be applied for generating modules for which it is technically not feasible to 1000 
reduce power with the required accuracy in the required time or for reasons within the distribution network for 1001 
example to prevent unintentional island operation. 1002 

NOTE 13 The behaviour will, for a part of the network with many such units, result in a similar droop as 1003 
specified above for controllable generating units and hence will provide for the necessary power system stability. 1004 
Due to its fast reaction capability it contributes significantly to the avoidance of a frequency overshoot. 1005 

Storage units that are in charging mode at the time the frequency passes the threshold f1 shall 1006 
not reduce the charging power below PM until frequency returns below f1. Storage units should 1007 
increase the charging power according to the configured droop.  In case the maximum 1008 
charging capacity is reached or to prevent any other risk of injury or damage of equipment, a 1009 
reduction of charging power is permitted. 1010 

4.6.2 Power response to underfrequency 1011 

EESS generating units in generating plants shall be capable of activating active power 1012 
response to underfrequency. Other generating units/plants should be capable of activating 1013 
active power response to underfrequency. If active power to underfrequency is provided by a 1014 
generating plant/unit, the function shall comply with the requirements below.  1015 

NOTE 1: In other documents power response to underfrequency is also described as frequency control or Limited 1016 
Frequency Sensitive Mode - Underfrequency (LFSM-U). 1017 

Active power response to underfrequency shall be provided when all of the following 1018 
conditions are met: 1019 

• if generating, the generating unit is operating at active power below its maximum active power 1020 

Pmax; 1021 

• if generating, the generating unit is operating at active power below the available active power PA; 1022 

NOTE 2 In case of storage units, the available power includes the state of charge of the storage. 1023 

• the voltages at the point of connection of the generating plant are within the continuous operating 1024 

voltage range; and 1025 
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• if generating, the generating unit is operating with currents lower than its current limit. 1026 

NOTE 3 These conditions apply to each generating unit individually since the specified conditions need to be 1027 
met by each generating unit individually to allow the unit to increase power. 1028 

In the case of EESS generating units, active power frequency response to underfrequency 1029 
shall be provided in charging and generating mode.  1030 

NOTE 4 In the case of EESS generating units, the charging is regarded as a point of operation with negative 1031 
active power. In charging mode the active power consumption is reduced according to the configured droop. 1032 
Depending on the depth of the underferquency event a change to generating mode will happen. In this case the 1033 
state of charge of the storage is part of the conditions above. 1034 

NOTE 5 This clause provides additional detail to the draft network code on electricity emergency and 1035 
restoration Article 15 3 (a). If during the comitology process of the code there are changes made to Article 15, this 1036 
EN will be revised if necessary. 1037 

The active power response to underfrequency shall be delivered at a programmab le frequency 1038 
threshold f1 at least between and including 49,8 Hz and 46,0 Hz with a programmable droop in 1039 
a range of at least 2 % to 12 %. The droop reference Pref is Pmax. If the available primary 1040 
power or a local set value increases during an underfrequency period above the power 1041 
defined by the droop function, higher power values are permitted. The power value calculated 1042 
according to the droop is therefore a minimum limit.  1043 

The minimum power limit is, 1044 

𝑃𝑚𝑖𝑛−𝑙𝑖𝑚𝑖𝑡 = 𝑃𝑀 + ∆𝑃 

with Δ𝑃 =
1

𝑠
×

(𝑓1−𝑓)

𝑓𝑛
× 𝑃𝑟𝑒𝑓  1045 

with f the actual frequency 1046 

NOTE 6 In the case of active power response to underfrequency, Pmax is used as Pref to allow for system 1047 
support even in case of low power output in the moment the event begins. 1048 

NOTE 7 The active power droop relative to the reference power might also be defined as an active power 1049 
gradient relative to the reference power. A droop in the range of 2 % to 12 % represents a gradient of 100 % 1050 

to 16,7 % Pref /Hz so with g defined by 𝑔 [
𝑃

𝑃𝑟𝑒𝑓
𝐻𝑧⁄ ] =

1

𝑠∙𝑓𝑛
 we get ∆𝑃 = 𝑔 ∙ 𝑃𝑟𝑒𝑓 ∙ (𝑓1 − 𝑓). 1051 

NOTE 8 In the case of an increase of active power generation, the hierarchy of requirements in clause 4.1 1052 
apply. 1053 

The generating unit shall be capable of activating active power response to underfrequency 1054 
as fast as technically feasible with an intrinsic dead time that shall be as short as possible 1055 
with a maximum of 2 s and with a step response time of maximum 30 s unless another value 1056 
is defined by the relevant party. An intentional initial delay shall be programmable to adjust 1057 
the dead time to a value between the intrinsic dead time and 2 s. 1058 
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 1059 

Figure 11 — Example of active power frequency response to underfrequency in case of 1060 
storage device with 20 % power charging at passing of threshold frequency f 1 1061 

After activation, the active power frequency response shall use the actual frequency at any 1062 
time, reacting to any frequency increase or decrease according to the programmed droop with 1063 
an accuracy of ± 10 % of the nominal power. The accuracy is evaluated with a 1min average 1064 
value. The resolution of the frequency measurement shall be  ± 10 mHz or less. At POC loads, 1065 
if present in the producer’s network, might interfere with the response of the generating plant. 1066 
The effect of loads is not considered for the evaluation of the accuracy, only the behaviour of 1067 
the generating plant is relevant. 1068 

NOTE 9 With the provision above, the intentional delay is only active for the activation of the function, once the 1069 
function is operating, the established control loop is not intentionally delayed. 1070 

NOTE 10 The option of an intentional delay is required since a very fast and undelayed active power frequency 1071 
response in case of loss of mains would correct any shortage of generation leading to a generation-consumption 1072 
balance. In these circumstances, an unintended islanding situation with stable frequency would take place, in 1073 
which the correct behaviour of any loss of mains detection based on frequency might be hindered. 1074 

NOTE 11 The intentional delay is considered relevant for power system stability. For that reason, legal 1075 
regulations might require a mutual agreement on the setting between DSO, responsible party and TSO. 1076 

Generating modules reaching any of the conditions above during the provision of active power 1077 
frequency response shall, in the event of further frequency decrease, maintain this power 1078 
level constant. 1079 

The active power frequency response is only deactivated if the frequency increases above the 1080 
frequency threshold f1. 1081 

Settings for the threshold frequency f1, the droop and the intentional delay are defined by the 1082 
DSO and the responsible party, if no settings are provided, the function shall be disabled.  1083 

NOTE 12 When applying active power response to underfrequency, the frequency threshold f1 should be set to 1084 
a value from 49,8 Hz up to 49,5 Hz. Setting the frequency threshold f1 to 46 Hz is considered as deactivating this 1085 
function. 1086 

The activation and deactivation of the function and its settings shall be field adjustable and 1087 
means shall be provided to protect these from unpermitted interference (e.g. password or 1088 
seal) if required by the DSO and the responsible party. 1089 
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4.7 Power response to voltage changes 1090 

4.7.1 General 1091 

When the contribution to voltage support is required by the DSO and the responsible party, 1092 
the generating plant shall be designed to have the capability of managing reactive and/or 1093 
active power generation according to the requirements of this clause.  1094 

4.7.2 Voltage support by reactive power 1095 

4.7.2.1 General 1096 

Generating plants shall not lead to voltage changes out of acceptable limits. These limits 1097 
should be defined by national regulation. Generating units and plants shall be able to 1098 
contribute to meet this requirement during normal network operation.  1099 

Throughout the continuous operating frequency (see 4.4.2) and voltage (see 4.4.4) range, the 1100 
generating plant shall be capable to deliver the requirements stipulated below. Outside these 1101 
ranges, the generating plant shall follow the requirements as good as technically feasible 1102 
although there is no specified accuracy required.  1103 

4.7.2.2 Capabilities 1104 

 1105 

  1106 

 1107 

Figure 12 — Reactive power capability at nominal voltage 1108 

Figure 12 gives a graphical representation of the minimum and optional capabilities at 1109 
nominal voltage. 1110 

Generating plants shall be able to operate with reactive power provision as defined by the DSO and 1111 
the responsible party. The default reactive power requirement Q is up to 33 % of PD over-excited and 1112 
under-excited when active power is above 20 % PD. When operating at active power below 20 % PD 1113 
reactive power shall be provided according to Figure 12 to a minimum active factor of 0,52. The 1114 
stringent reactive power requirement Q is up to 48,4 % of PD over-excited and under-excited when 1115 
active power is above 20 % PD. When operating at active power below 20 % PD reactive power shall 1116 
be provided according to Figure 12 to a minimum active factor of 0,38. 1117 

The reactive power shall be delivered at the terminals of the/each generating unit or at POC. The 1118 
reactive power of generating plants with Smax above a power threshold to be defined by the DSO and 1119 
responsible party shall be delivered at POC. 1120 

NOTE 1 To provide evidence of the required reactive power accuracy at the POC usually a generating plant 1121 
controller is needed. For smaller plants, especially with relatively short connection lines, the accuracy of a control 1122 
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structure based on generating units is sufficient. To facilitate the connection procedure and the provision of 1123 
evidence of conformity, a simplified approach for smaller generating plants is introduced. 1124 

The DSO and the responsible party may relax the above requirements. This relaxation might 1125 
be general or specific for a certain generating plant or generating technology.  1126 

NOTE 2 The generating unit manufacturer has a certain freedom in the sizing of the output side of 1127 
the generating unit considering the advantages and drawbacks in the practical use of the generating unit when 1128 
evaluating the need to reduce active output power (e.g. due to voltage changes or reactive power exchange) in 1129 
order to respond to the requirements of this European Standard. This is indicated by the Design freedom area in 1130 
Figure 12. 1131 

All involved parties can expect to have access to information documenting the actual choices 1132 
regarding active power capabilities relative to reactive power requirements and related to the 1133 
power rating in the operating voltage range (see further in this clause). A P-Q Diagram shall 1134 
be included in the product documentation of a generating unit.  1135 

NOTE 3 For additional network support an optional extended reactive power capability according to Figure 12 1136 
might be provided by the generating plant, if agreed on between the DSO and the producer and is generally 1137 
required in some countries for some technologies by legal regulations. 1138 

NOTE 4 Additional requirements (e.g. continuous Var compensation or continuous reactive power operation 1139 
disregarding the availability of the primary energy) might be provided by the generating plant, if agreed between 1140 
the DSO and the producer. 1141 

NOTE 5 In case of overvoltage, additional reactive power might be exchanged up to the rated current 1142 
(increasing the apparent power as a consequence), if agreed on between the DSO and the producer. 1143 

When operating above the apparent power threshold Smin equal to 10 % of the maximum 1144 
apparent power Smax or the minimum regulating level of the generating plant, whichever is the 1145 
higher value, the reactive power capability shall be provided with an accuracy of  ± 2 % Smax. 1146 
Up to this apparent power threshold Smin, deviations above 2 % are permissible; nevertheless 1147 
the accuracy shall always be as good as technically feasible and the exchange of uncontrolled 1148 
reactive power in this low-power operation mode shall not exceed 10 % of the maximum 1149 
apparent power Smax. At POC loads, if present in the producer’s network might interfere with 1150 
the response of the generating plant. The effect of loads is not considered for the evaluation 1151 
of the accuracy, only the behaviour of the generating plant is relevant.  1152 

For voltages differing from the nominal voltage but within the continuous operating voltage 1153 
range (see 4.4.4), the reactive power capability at active power PD shall be at least according 1154 
to  1155 

Figure 13. 1156 

NOTE 6 Depending on the P-Q characteristic of the generating plant/unit, the reactive power at active powers 1157 
below PD might be lower respecting the requirements above. If no or less than 0,33 Q/PD reactive power is 1158 
required, the active power might increase above PD as indicated in Figure 12 1159 
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  1160 

Figure 13 — Reactive power capability at active power PD in the voltage range (positive 1161 
sequence component of the fundamental) 1162 

For voltages below 95 % of Uc it is allowed to reduce apparent power according to clause 4.4.4 1163 

NOTE 7 Whether there is a priority given to P or Q or the active factor when reaching the maximum apparent 1164 
power this is not defined in this European Standard. Risks and benefits of different priority approaches are under 1165 
consideration. 1166 

4.7.2.3 Control modes 1167 

4.7.2.3.1 General 1168 

Where required, the form of the contribution to voltage control shall be specified by the DSO.  1169 

The control shall refer to the terminals of the generating units  or to the point of connection 1170 
depending on the size of the generating plant and the power threshold defined by the DSO according 1171 
clause 4.7.2.2. 1172 

The generating plant/unit shall be capable of operating in the control modes specified below 1173 
within the limits specified in 4.7.2.2. The control modes are exclusive; only one mode may be 1174 
active at a time. 1175 

• Q setpoint mode 1176 

• Q (U) 1177 

• Q (P) 1178 

• Cos φ setpoint mode 1179 

• Cos φ (P) 1180 

NOTE For mass market products, it is recommended to implement all control modes. In case of site specific 1181 
generating plant design, only the control modes required by the DSO need to be implemented. 1182 

The configuration, activation and deactivation of the control modes shall be field adjustable. 1183 
For field adjustable configurations and activation of the active control mode, means shall be 1184 
provided to protect the settings from unpermitted interference (e.g. password or seal) if 1185 
required by the DSO. The control modes Q setpoint and cos φ setpoint shall be settable by remote 1186 
control according to 4.12. Which control modes are available in a product and how they are 1187 
configured shall be stated in the product documentation.  1188 
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4.7.2.3.2 Setpoint control modes 1189 

Q setpoint mode and cos φ setpoint mode control the reactive power output and the cos φ of 1190 
the output respectively, according to a set point set in the control of the generating plant/unit  1191 
or by a remote control according to 4.12. 1192 

In the case of change of the set point local or by remote control  the settling time for the new 1193 
set point shall be less than one minute. 1194 

4.7.2.3.3 Voltage related control modes 1195 

The voltage related control mode Q (U) controls the reactive power output as a function of the 1196 
voltage. 1197 

There is no preferred state of the art for evaluating the voltage. Therefore it is the 1198 
responsibility of the generating plant designer to choose a method. One of the following 1199 
methods should be used: 1200 

• the positive sequence component of the fundamental; 1201 

• the average of the voltages measured independently for each phase to neutral or phase to phase; 1202 

• phase independently the voltage of every phase to determine the reactive power for every phase. 1203 

For voltage related control modes, a characteristic with a minimum and maximum value and 1204 
three connected lines according to Figure 16 shall be configurable. 1205 

In addition to the characteristic, further parameters shall be configurable: 1206 

• The dynamics of the control shall correspond with a first order filter having a time constant that is 1207 

configurable in the range of 3 s to 60 s. 1208 

NOTE 1 The time to perform 95 % of the changed set point due to a change in voltage will be 3 times the time 1209 
constant.  1210 

NOTE 2 The dynamic response of the generating units to voltage changes is not considered here. The 1211 
response to disturbances as in clause 4.5 and short circuit current requirements as in 4.7.4 is not included in this 1212 
clause. 1213 

NOTE 3 An intentional delay is under consideration. 1214 

To limit the reactive power at low active power two methods shall be configurable:  1215 

• a minimal cos φ shall be configurable in the range of 0-0,95; 1216 

• two active power levels shall be configurable both at least in the range of 0 % to 100 % of PD. The 1217 

lock-in value turns the Q(U) mode on, the lock-out value turns Q(U) off. If lock-in is larger than 1218 

lock-out a hysteresis is given. See also Figure 14. 1219 
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 1220 

Figure 14 – Example of lock-in and lock-out values for Q(U) mode 1221 

The static accuracy shall be in accordance with Figure 4.7.2.2. The dynamic accuracy shall be 1222 
in accordance with Figure 15 with a maximum tolerance of +/- 5% of PD plus a time delay of 1223 
up to 3 seconds deviating from an ideal first order filter response.  1224 

 1225 

Figure 15 — Example of dynamic control response and tolerance band for a step from 1226 
Q=0 to Q= 33%PD with τ=3,33s 1227 

4.7.2.3.4 Power related control mode 1228 

The power related control modes Q (P) and cos φ (P) control the reactive power output and the 1229 
cos φ of the output respectively as a function of the active power output.  1230 

For power related control modes, a characteristic with a minimum and maximum valu e and 1231 
three connected lines shall be configurable in accordance with Figure 16. 1232 

Resulting from a change in active power output a new Q respectively cos  φ set point is 1233 
defined according to the set characteristic. The response to a new Q respectively cos  φ set 1234 
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value shall be as fast as technically feasible to allow the change in reactive power to be in 1235 
synchrony with the change in active power. The new reactive power set value shall be 1236 
reached at the latest within 10 s after the end value of the active power is reached. The static 1237 
accuracy of each Q set point and each cos φ set point respectively shall be according to 1238 
4.7.2.2. 1239 

 1240 

Figure 16 — Example characteristics for Q respectively cos φ control mode 1241 

4.7.3 Voltage related active power reduction 1242 

In order to avoid disconnection due to overvoltage protection (see 4.9.3.3 and 4.9.3.4), 1243 
generating plants/units are allowed to reduce active power output as a function of this rising 1244 
voltage. The final implemented logic can be chosen by the manufacturer. Nevertheless, this 1245 
logic shall not cause steps or oscillations in the output power.  The power reduction caused by 1246 
such a function may not be faster than an equivalent of  a  time constant tau = 3 s (= 33%/s 1247 
at a 100% change). The enabling and disabling of the function shall be field adjustable and 1248 
means have to be provided to protect the setting from unpermitted interference (e.g. password 1249 
or seal) if required by the DSO. 1250 

4.7.4 Short circuit current requirements on generating plants 1251 

4.7.4.1 General 1252 

The following clauses describe the required short circuit current contribution for generating 1253 
plants taking into account the connection technology of the generating modules.  1254 

Generating modules classified as type B modules according to COMMISSION REGULATION 1255 
2016/631 shall comply with the requirements of 4.7.4.2 and 4.7.4.3. Generating modules 1256 
classified as type A according to COMMISSION REGULATION 2016/631 should comply with 1257 
these requirements. The actual behaviour of type A modules shall be specified in the 1258 
connection agreement. 1259 

NOTE Based on the chosen banding threshold it is considered necessary to include generating modules 1260 
classified as type A if connected to medium voltage distribution grids. Exemption is only acceptable for CHP and 1261 
generating units based on rotating machinery below 50 kW as EN 50465 for gas appliance requests 1262 
disconnection in case of under voltage. 1263 

4.7.4.2 Generating plant with non-synchronous generating technology 1264 

4.7.4.2.1 Voltage support during faults and voltage steps 1265 

In case of faults in the network, in addition to the requirements of 4.7.2 generating plants shall have 1266 
the capability to provide additional reactive current according to Figure 17. 1267 

The additional reactive current shall be provided when there is a sudden change in voltage. The 1268 
requirements apply to voltage steps of the positive and the negative sequence component of the 1269 
fundamental voltage. Voltage steps in the positive sequence result in additional reactive current in the 1270 
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positive sequence, voltage steps in the negative sequence result in additional reactive current of the 1271 
negative sequence. 1272 

NOTE 1 The requirements below describe the general behaviour of the plant. The actual implementation in a 1273 
generating plant is not limited to the described procedures as long the generating plant meets the requirements. 1274 

The generating plant shall be capable of activating the dynamic reactive current provision if at least 1275 
one of the following conditions occurs: 1276 

• One or more phase to phase voltages are outside the static voltage range; 1277 

• a sudden change in voltage. 1278 

The criterion for deactivating the dynamic reactive current provision is either: 1279 

• the re-entry of all the phase to phase voltage into the static voltage range, or 1280 

• after 5 s if the sudden voltage change did not result in any voltage exceeding the static voltage 1281 

range. 1282 

The static voltage range shall be adjustable from 80 % to 100 % of UC for the undervoltage boundary 1283 
and from 100 % to 120 % of UC for the overvoltage boundary. The default setting shall be the 1284 
continuous operating voltage range according to 4.4.4. Each phase to phase voltage shall be 1285 
evaluated. 1286 

A sudden voltage jump is defined by the absolute difference between the actual value of the positive 1287 
and negative sequence voltage and the 50 period average of the positive and negative sequence 1288 
voltage relative to UC 1289 

∆𝑈1_50𝑝𝑒𝑟 =
𝑈1 − 𝑈1_50𝑝𝑒𝑟

𝑈𝑐
 

∆𝑈2_50𝑝𝑒𝑟 =
𝑈2 − 𝑈2_50𝑝𝑒𝑟

𝑈𝑐
 

An insensitivity range may be configurable in the range of ∆U50per = 0 %...15 % 1290 

Within the insensitivity range an additional dynamic reactive current is neither required nor forbidden 1291 
provided that the additional reactive current does not cause any network distortions. 1292 

The additional reactive current in the positive sequence ΔIQ1 is set by the gradient k1 as 1293 
ΔIQ1 = k1 · ΔU1. 1294 

ΔU1 = (U1 - U1_1min) / UC for the positive sequence  1295 

with: 1296 

– U1: the actual voltage of the positive sequence;  1297 

– U1_1min: the 1 min average of the pre-fault voltage of the positive sequence or the RMS value; 1298 

NOTE 2 in normal operation the positive sequence voltage is almost identical to the RMS value 1299 

The gradient k1 shall be configurable in the range of 2 - 6 with a minimum step size of 0,5. 1300 

The additional reactive current in the negative sequence ΔIQ2 is set by the gradient k2 as 1301 
ΔIQ2 = k2 · ΔU2. 1302 

ΔU2 = (U2 - U2_1min) / UC for the negative sequence  1303 

with: 1304 

– U2: the actual voltage of the negative sequence;  1305 

– U2_1min: the 1 min average of the pre-fault voltage of the negative sequence or zero. 1306 

NOTE 3 In normal operation the negative sequence voltage is ~0. 1307 
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The gradient k2 shall be configurable in the range of 2 - 6 with a minimum step size of 0,5. 1308 

If the negative sequence voltage is near zero the phase angle is not detectable. Therefore if the 1309 
insensitivity range is configured near zero, for negative sequence voltage jumps additional reactive 1310 
current is only required if the negative sequence voltage is large enough for reliable phase angle 1311 
detection. 1312 

NOTE 4 Generating units based on a doubly fed induction machine naturally provide a negative sequence 1313 
current ΔIQ2 = k2 · ΔU2 with a gradient k2, which is considered to be sufficient. k2 cannot be changed, because it is 1314 
defined by the machine parameters and the operating point. 1315 

The additional reactive current according to Figure 17 shall be provided up to the current limitation of 1316 
the generating plant, at least up to the rated current while considering that both positive and negative 1317 
sequence reactive current affect the individual phase currents simultaneously. The highest phase 1318 
current is relevant for the limitation.  1319 

NOTE 5  In case of an asymmetric fault, this results in only one phase reaching its current limitation. The 1320 
positive and the negative component are limited in the same ration to maintain the asymmetry of the support.  1321 

During the provision of additional reactive current it is acceptable to reduce the active current 1322 
component to maximize reactive current within the apparent current limits of the generating unit. 1323 
However, the reduction of active current shall be as small as possible. 1324 

For voltages below 15 % UC, no current supply is required. 1325 

 1326 

Figure 17 — Principle of voltage support during faults and voltage steps 1327 

The additional reactive current step response time shall be no greater than 30 ms. The settling time 1328 
shall be no greater than 60 ms. This applies for the inception of the fault as well as the fault clearance 1329 
or any voltage step in the duration of the fault. 1330 

NOTE 6 The step response and settling time during the fault and at fault clearance apply only to the controlled 1331 
reactive current. In case of doubly fed induction machine based generating units the controlled reactive current 1332 
might be affected by uncontrollable reactive current coming from the induction machine. 1333 

NOTE 7 In case a sudden voltage change did not result in any voltage exceeding the static voltage range and 1334 
there are no further voltage steps the voltage support ends after 5 s. In this case, this European Standard does 1335 
not define requirements on step response time and settling time. From a power system perspective a slow 1336 
reduction over several seconds seems favourable. 1337 
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NOTE 8 In case k = 0 is configurable, it is pointed out, that for k = 0 the active and reactive currents present 1338 
before the activation of the dynamic reactive current provision are maintained as far as technical feasible; k = 0 1339 
does therefore not represent a zero current mode as intended in 4.7.4.2.2 and 4.7.4.2.3 1340 

NOTE 9 In case the dynamic reactive current provision is deactivated, there are no requirements on the 1341 
current delivery that apply outside the continuous operating voltage range. 1342 

This short circuit current requirement may either be implemented in the generating units or in 1343 
additional equipment in the generating plant. Due to the high dynamic of the requirement, the 1344 
accuracy of injected current and the response and settling time is evaluated at the clamps of the 1345 
generating unit or if applicable at the clamps of the additional equipment providing the short circuit 1346 
current. 1347 

The tolerance is defined as in Figure 18. The lower tolerance in quadrant 1 and 3 is -10 %, the higher 1348 
tolerance in quadrant 3 is +20 %, the higher tolerance in quadrant 1 has a starting value of +20 % but 1349 
is increasing with k = 6 independent of the set k-factor. Furthermore in quadrant 1 it is accepted to limit 1350 
the apparent power to Pmax. 1351 

 1352 

Figure 18 — Accuracy requirement for additional reactive current in positive and negative 1353 
sequence 1354 

All described settings are defined by the DSO and the responsible party. If no settings are provided, 1355 
the function shall be disabled. 1356 

The enabling and disabling and the settings shall be field adjustable and means have to be provided 1357 
to protect these from unpermitted interference (e.g. password or seal) if required by the DSO. 1358 

4.7.4.2.2 Optional Modes  1359 

Additional to the requirements of 4.7.4.2.1 further option might be necessary depending on the 1360 
situation in the distribution grid. These options apply in combination with 4.7.4.2.1 voltage support 1361 
during faults and voltage steps. The availability of the options shall be stated in the product 1362 
documentation.  1363 

If required by the DSO and the responsible party, generating plants shall provide the optional modes. 1364 

Active power priority: The generating plant shall be able to give priority to active current injection. In 1365 
this case the unit shall deliver maximum available active current, limited only by the current limitation 1366 
of the generating unit. If the resulting active current remains below the current limitation of the 1367 
generating unit, additional reactive current according to Figure 17 shall be provided. 1368 
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Reactive current limitation: The generating plant shall be able to limit the reactive current to a value 1369 
specified by the DSO and the responsible party. This limitation applies to the absolute reactive current, 1370 
the sum of the pre-fault reactive current and the additional reactive current according 4.7.4.2.1. The 1371 
reactive current limitation shall be configurable in the range of 0% to 100% of rated current. 1372 

Zero current threshold: The generating plant shall have the capability to reduce the current as fast as 1373 
technically feasible down to or below 10 % of the rated current when the voltage falls below a 1374 
configured zero current thresholds. As long as the voltage remains above or once it recovers above 1375 
this threshold voltage support during faults and voltage steps is provided according to 4.7.4.2.1. The 1376 
zero current threshold is defined by the DSO and the responsible party. The smallest phase to neutral 1377 
voltage or if no neutral is present the smallest phase to phase voltage shall be evaluated. Generating 1378 
units based on a doubly fed induction machine can only reduce the positive sequence current below 1379 
10 % of the rated current. Negative sequence current shall be tolerated during unbalanced faults. In 1380 
case this current reduction is not sufficient, the DSO should choose suitable interface protection 1381 
settings. 1382 

NOTE  Active current priority might be necessary in small synchronous zones where the loss of active power 1383 
generation during a fault holds the potential to result in frequency deviations. In such a case the relative risks of 1384 
the area of voltage dip and the change in frequency need to be considered what might results in the need to 1385 
prioritise active current. 1386 

Reactive current limitation might be necessary in part of a synchronous zone with high penetration of inverter 1387 
based power generation and relatively week connection to the rest of the synchronous zone. It allows to configure 1388 
a high k-factor and request a high contribution of generating plants remote to the fault with high retained voltages 1389 
by limiting the reactive current for generating plants with low retained voltages. This limitation might be necessary 1390 
to limit the loss of active current and to avoid issues in the distribution girds such as protection blinding. 1391 

Zero current threshold might be necessary to avoid corruption of measurements e.g. of protection devices and for 1392 
plants connected to medium voltage grid with fast auto re-closure to avoid the generating plant feeding to a fault 1393 
in the distribution grid it is connected to. The feeding of the fault might prevent the extinction of an arc. 1394 

4.7.4.2.3 Zero current mode for converter connected generating technology  1395 

Additional to the requirements of 4.5 and 4.7.4.2.1 and 4.7.4.2.2 generating plants shall have the 1396 
capability to reduce their current as fast as technically feasible down to or below 10 % of the 1397 
rated current when the voltage is outside of a static voltage range.  Generating units based on 1398 
a doubly fed induction machine can only reduce the positive sequence current below 10 % of 1399 
the rated current. Negative sequence current shall be tolerated during unbalanced faults. In 1400 
case this current reduction is not sufficient, the DSO should choose suitable interface 1401 
protection settings. 1402 

The static voltage range shall be adjustable from 20 % to 100 % of UC for the undervoltage 1403 
boundary. The default setting shall be 50% of UC for the undervoltage boundary. Each phase 1404 
to neutral voltage or if no neutral is present each phase to phase voltage shall be evaluated.  1405 
At voltage re-entry into the voltage range, 90% of pre-fault power or available power, 1406 
whichever is the smallest, shall be resumed as fast as possible, but at the latest according to 1407 
clauses 4.5.3 and 4.5.4. 1408 
All described settings are defined by the DSO and the responsible party. If no settings are 1409 
provided, the function shall be disabled.  1410 
The enabling and disabling and the settings shall be field adjustable and means have to be 1411 
provided to protect these from unpermitted interference (e.g. password or seal) if required by 1412 
the DSO. 1413 
This zero current mode and the Voltage support during faults and voltage steps as described in 1414 
4.7.4.2.1 are exclusive; only one may be active at a time. 1415 

4.7.4.2.4 Induction generator based units 1416 

A generating unit based on an induction machine that is not a doubly fed induction machine is not able 1417 
to provide a controlled voltage support during faults and voltage steps. Whether a generating unit 1418 
based on this technology might be connected in a certain network should to be agreed upon with the 1419 
DSO and the responsible party. 1420 
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4.7.4.3 Generating plant with synchronous generating technology - Synchronous 1421 
generator based units 1422 

A generating unit based on a synchronous machine naturally provides voltage support during faults 1423 
and voltage steps that are considered to be sufficient. The generator excitation control system shall 1424 
apply reproducible parameterization of set points. It shall be equipped with a three-phase voltage 1425 
measurement for a reliable detection of asymmetrical faults in the network. In case of a network fault, 1426 
the excitation control system shall vary the excitation current to contribute in sustaining the voltage 1427 
and consequently improve the stability of the generating unit. 1428 

4.8 EMC and power quality 1429 

Similar to any other apparatus or fixed installation, generating units shall comply with the 1430 
requirements on electromagnetic compatibility established in Directive 2014/30/EU or 1431 
2014/53/EU, whichever applies. 1432 

EMC limits and tests, described in EN 61000 series, have been traditionally developed for 1433 
loads, without taking into account the particularities of generating units, such as their 1434 
capability to create overvoltages or high frequency disturbances due to the presence of power 1435 
converters, which were either impossible or less frequent in case of loads.  1436 

NOTE 1 Currently, IEC SC 77A are reviewing all their existing standards to include, where necessary, specific 1437 
requirements for generating units/plants. For dispersed generating units in LV networks, the Technical Report 1438 
IEC/TR 61000–3-15 is addressing gaps in the existing EMC standards making recommendations on the following 1439 
aspects: 1440 

• Harmonic emissions; 1441 

• Flicker and voltage fluctuations; 1442 

• DC injection; 1443 

• Short and long duration overvoltages emission; 1444 

• Switching frequency emission; 1445 

• Immunity to voltage dips and short interruptions; 1446 

• Immunity to frequency variation; 1447 

• Immunity to harmonics and inter-harmonics; 1448 

• Unbalance. 1449 

As long as specific tests for generating units are not available for immunity and/or emission, 1450 
generic EMC standards and/or any relevant EU harmonized EMC standard should be applied.  1451 

NOTE 2 Besides the compliance with EN61000 Series, in most countries power quality characteristic 1452 
according to standards such as for example EN 61400–21 or VDE V 0124–100 are required as part of the 1453 
connection agreement 1454 

Additional phenomena need to be addressed specifically to generating plants and their 1455 
integration in the power system. 1456 

• ROCOF: See 4.5.2 1457 

• UVRT: See 4.5.3 1458 

• OVRT: See 4.5.4 1459 

• DC injection: Generating plants shall not inject direct currents. 1460 

NOTE 3 The DC injection clause is considered to be passed when for all generating units within the generating 1461 
plant the measured DC injection of a type-tested unit is below the testing threshold. 1462 



DRAFT prEN50549-2 

44 

Generating plants can also disturb mains signalling (ripple control or power line carrier 1463 
systems). EMC requirements on inter-harmonics and on conducted disturbances in the 1464 
frequency range between 2 kHz and 150 kHz are under development. In case of 1465 
electromagnetic interferences to mains signalling systems due to the connection of a 1466 
generating plant, mitigation measures should be taken and national requirements may apply.  1467 

Generating units are also expected to be compatible with voltage characteristics at the point 1468 
of connection, as described in EN 50160 or in national regulations; however no compliance 1469 
test is required due to the scope of EN 50160. 1470 

4.9 Interface protection 1471 

4.9.1 General 1472 

The interface protection system has following main objectives: 1473 

• prevent the power production of the generating plant to cause an overvoltage situation in the 1474 

distribution network it is connected to. Such overvoltages could result in damages to the 1475 

equipment connected to the distribution network as well as the distribution network itself; 1476 

• detect unintentional island situations and disconnect the generating plant in this case. This is 1477 

contributing to prevent damage to other equipment, both in the producers’ installations and the 1478 

distribution network due to out of phase re-closing and to allow for maintenance work after an 1479 

intentional disconnection of a section of the distribution network; 1480 

NOTE 1 It is pointed out that checking the absence of voltage on all the live conductors is anyway mandatory 1481 
before accessing a site for (maintenance) work. 1482 

• assist in bringing the distribution network to a controlled state in case of voltage or frequency 1483 

deviations beyond corresponding regulation values. 1484 

It is not the purpose of the interface protection system to:  1485 

• disconnect the generating plant from the distribution network in case of faults internal to the power 1486 

generating plant. Protection against internal faults (short-circuits) shall be coordinated with 1487 

network protection, according to DSO protection criteria. Protection against e.g. overload, electric 1488 

shock and against fire hazards shall be implemented additionally according to local requirements; 1489 

• prevent damages to the generating unit due to incidents (e.g. short circuits) on the distribution 1490 

network 1491 

Interface protections may contribute to preventing damage to the generating units due to out -1492 
of-phase reclosing of automatic reclosing which may happen after some hundreds of ms. 1493 
However, in some countries some technologies of generating units are explicitly required to 1494 
have an appropriate immunity level against the consequences of out -of-phase reclosing. 1495 

The type of protection and the sensitivity and operating times depend upon the protection and 1496 
the characteristics of the distribution network. 1497 

A wide variety of approaches to achieve the above mentioned objectives is used throughout 1498 
Europe. Besides the passive observation of voltage and frequency other active and passive 1499 
methods are available and used to detect island situations. The requirements given in this 1500 
clause are intended to provide the necessary functions for all known approaches as well as to 1501 
give guidance in their use. Which functions are available in a product shall be stated in the 1502 
product documentation. 1503 

The interface protection system shall comply with the requirements of this European 1504 
Standard, the available functions and configured settings shall comply with the requirements 1505 
of the DSO and the responsible party. In any case, the settings defined shall be understood 1506 
as the values for the interface protection system, i.e. where there is a wider technical 1507 
capability of the generation module, it shall not be withheld by the settings of the protections. 1508 

The interface protection system shall be realized as a dedicated device and not integrated into 1509 
the generating units. 1510 
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The interface protection relay acts on the interface switch. The DSO may require that the 1511 
interface protection relay acts additionally on another switch with a proper delay in case the 1512 
interface switch fails to operate. 1513 

In case of failure of the power supply of the interface protection, the interface protection shall 1514 
trigger the interface switch without delay. An uninterruptible power supply may be require d by 1515 
the DSO, for instance in case of UVRT capability, delay in protection etc. 1516 

In case of field adjustable settings of threshold and operation time, means shall be provided 1517 
to protect the settings from unpermitted interference (e.g. password or seal) if r equired by the 1518 
DSO. 1519 

4.9.2 Voltage transformer 1520 

Because of the specific accuracy requirements, voltage transformers used by the interface protection 1521 
system are generally different from those used for metering purposes. However, voltage transformers 1522 
with multiple secondary windings (with one appropriate for the interface protection system) are 1523 
generally admissible. 1524 

If relevant, the DSO shall prescribe the way the voltage transformers shall be connected. Whether the 1525 
voltage transformers are mounted between phases or between phases and earth depends on the 1526 
used protection functions: e.g. the use of a zero sequence voltage protection function implies the use 1527 
of 3 phase/earth connected voltage transformers. 1528 

NOTE 1 Taking the right measures, voltage transformers mounted between phases and earth may also be 1529 
used to evaluate the characteristics of the phase to phase voltages. 1530 

The voltage transformers shall comply with the requirements of the DSO. Minimum features are: 1531 

• The accuracy class shall be 3P according to EN 61869-3. If zero sequence voltage protection are 1532 

used, the accuracy class shall be 3P/0,5 1533 

• The voltage factor depends on the type of connection: 1,9 if mounted between phase and earth 1534 

and 1,2 if mounted between phases. The duty time shall be according to the relevant standard 1535 

EN 60044-2 and EN 60044-7. 1536 

• The rated output power shall be in line with the intended loading of the protection winding. 1537 

NOTE 2 The use of inductive voltage transformers between phase and earth might induce the need for an 1538 
anti-ferro resonance resistor (typically 100 Ω) on the protection winding. Therefore, the rated output power of this 1539 
winding shall be chosen consequently. 1540 

The voltage transformers circuitry used for the interface protection system shall be properly protected 1541 
against internal faults. 1542 

Any acting of a protection in the voltage transformers circuitry (primary side or secondary side) shall 1543 
cause the tripping of the interface protection relay. 1544 

4.9.3 Requirements on voltage and frequency protection 1545 

4.9.3.1 General 1546 

Part or all of the following described functions may be required by the DSO and the 1547 
responsible party. 1548 

NOTE 1 In the following the headings of the clause sections contain ANSI device numbers according to 1549 
IEEE/ANSI C37.2 in square brackets e.g. [27]. 1550 

The protection functions shall evaluate at least all phases where generating units, covered by 1551 
this protection system, are connected to.  1552 

In case of three phase generating units/plants and in all cases when the protection system is 1553 
implemented as an external protection system in a three phase power supply system, all 1554 
phase to phase voltages and, if a neutral conductor is present, all phase to neutral voltages 1555 
shall be evaluated. 1556 

NOTE 2 It is possible to calculate the phase to phase voltages based on phase-neutral measurements. 1557 
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NOTE 3 Direct phase to phase measures are preferable in order to avoid “false” voltage dips caused by VT 1558 
saturation in isolated MV networks. 1559 

The frequency shall be evaluated on at least one of the voltages.  1560 

If multiple signals (e.g. 3 phase to phase voltages) are to be evaluated by one protection 1561 
function, this function shall evaluate all of the signals separately. The output of each 1562 
evaluation shall be OR connected, so that if one signal passes the threshold of a function, the 1563 
function shall trip the protection in the specified time. 1564 

The minimum required accuracy for protection is:  1565 

 for frequency measurement ± 0,05 Hz; 1566 

 for voltage measurement ± 1 % of Un. 1567 

 The reset time shall be ≤50ms  1568 

 The interface protection relay shall not conduct continuous starting and disengaging 1569 
operations of the interface protection relay. Therefore a reasonable reset ratio shall be 1570 
implemented which shall not be zero but be below 2% of nominal value for voltage and 1571 
below 0,2Hz for frequency. 1572 

NOTE 4 If the interface protection system is external to the generating unit, it is preferably located as close as 1573 
possible to the point of connection. The voltage rise between the point of connection and the measurement input 1574 
of the interface protection system is then kept as small as possible to avoid nuisance tripping of the overvoltage 1575 
protection. 1576 

 1577 

4.9.3.2 Undervoltage protection [27] 1578 

The protection shall comply with EN 60255-127. The evaluation of the r.m.s. or the 1579 
fundamental value is allowed. 1580 

Undervoltage protection may be implemented with two completely independent protection 1581 
thresholds, each one able to be activated or not. The standard adjustment ranges are as 1582 
follows. 1583 

Undervoltage threshold stage 1 [27 < ]: 1584 

• Threshold (0,2 – 1) Un adjustable by steps of 0,01 Un 1585 

• Operate time (0,1 – 100) s adjustable in steps of 0,1 s 1586 

Undervoltage threshold stage 2 [27 <  < ]: 1587 

• Threshold (0,2 – 1) Un adjustable by steps of 0,01 Un 1588 

• Operate time (0,1 – 5) s adjustable in steps of 0,05 s 1589 

4.9.3.3 Overvoltage protection [59] 1590 

The protection shall comply with EN 60255-127. The evaluation of the r.m.s. or the 1591 
fundamental value is allowed. 1592 

Overvoltage protection may be implemented with two completely independent protection 1593 
thresholds, each one able to be activated or not. The standard adjustment ranges are as 1594 
follows. 1595 

Overvoltage threshold stage 1 [59 > ]: 1596 

• Threshold (1,0 – 1,2) Un adjustable by steps of 0,01 Un 1597 

• Operate time (0,1 – 100) s adjustable in steps of 0,1 s 1598 

Overvoltage threshold stage 2 [59 >  > ]: 1599 

• Threshold (1,0 – 1,30) Un adjustable by steps of 0,01 Un 1600 
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• Operate time (0,1 – 5) s adjustable in steps of 0,05 s 1601 

4.9.3.4 Overvoltage 10 min mean protection 1602 

The calculation of the 10 min value shall comply with the 10 min aggregation of 1603 
EN 61000-4-30 Class S, but deviating from EN 61000-4-30 as a moving window is used. 1604 
Therefore the function shall be based on the calculation of the square root of the arithmetic 1605 
mean of the squared input values over 10 min. The calculation of a new 10 min value at least 1606 
every 3 s is sufficient, which is then to be compared with the threshold value. 1607 

• Threshold (1,0 – 1,15) Un adjustable by steps of 0,01 Un 1608 

• Start time ≤ 3s not adjustable 1609 

• Time delay setting = 0 ms 1610 

NOTE 1 This function evaluates the r.m.s value. 1611 

NOTE 2 More information can be found in EN 50160. 1612 

4.9.3.5 Underfrequency protection [81 < ] 1613 

Underfrequency protection may be implemented with two completely independent protection 1614 
thresholds, each one able to be activated or not. The standard adjustment ranges are as 1615 
follows. 1616 

Underfrequency threshold stage 1 [81 < ]: 1617 

• Threshold (47,0 – 50,0) Hz adjustment by steps of 0,1 Hz 1618 

• Operate time (0,1 – 100) s adjustable in steps of 0,1 s 1619 

Underfrequency threshold stage 2 [81 <  < ]: 1620 

• Threshold (47,0 – 50,0) Hz adjustment by steps of 0,1 Hz 1621 

• Operate time (0,1 – 5) s adjustable in steps of 0,05 s 1622 

In order to use narrow frequency thresholds for islanding detection (see 4.9.4.3) it may be 1623 
required to have the ability to activate and deactivate a stage by:  1624 

• an external signal or; 1625 

• passing the protection threshold on the zero, the negative and/or the positive sequence 1626 

component of the fundamental voltage. 1627 

The frequency protection shall function correctly in the input voltage range between 20  % Un 1628 
and 120 % Un and shall be inhibited for input voltages of less than 20 % Un. 1629 

NOTE Under 0,2 Un the frequency protection is inhibited. Disconnection may only happen based on 1630 
undervoltage protection. 1631 

4.9.3.6 Overfrequency protection [81 > ] 1632 

Overfrequency protection may be implemented with two completely independent protection 1633 
thresholds, each one able to be activated or not. The standard adjustment ranges are as 1634 
follows. 1635 

Overfrequency threshold stage 1 [81 > ]: 1636 

• Threshold (50,0 - 52,0) Hz adjustment by steps of 0,1 Hz 1637 

• Operate time (0,1 – 100) s adjustable in steps of 0,1 s 1638 

Overfrequency threshold stage 2 [81 >  > ]: 1639 

• Threshold (50,0 - 52,0) Hz adjustment by steps of 0,1 Hz 1640 
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• Operate time (0,1 - 5) s adjustable in steps of 0,05 s 1641 

In order to use narrow frequency thresholds for islanding detection (see 4.9.4.3) it may be 1642 
required to have the ability to activate and deactivate a stage by:  1643 

• an external signal or; 1644 

• passing the protection threshold on the zero, the negative and/or the positive sequence 1645 

component of the fundamental voltage. 1646 

The frequency protection shall function correctly in the input voltage range between 20  % Un 1647 

and 120 % Un and shall be inhibited for input voltages of less than 20 % Un. 1648 

4.9.3.7 Positive sequence undervoltage protection [27D] 1649 

The positive sequence component of the fundamental voltage undervoltage protection might be 1650 
configured to operate the interface protection or to change to the narrow frequency band according to 1651 
4.9.4.3. 1652 

• Threshold (20-100 %) Un adjustment by steps of 1 % Un 1653 

• Operate time (0,2-100) s adjustable in steps of 0,1 s 1654 

NOTE In case of configuration to change to the narrow frequency band, the operate time is the time until the 1655 
frequency band is changed. 1656 

4.9.3.8 Negative sequence overvoltage protection [47] 1657 

The negative sequence component of the fundamental voltage overvoltage protection might be 1658 
configured to operate the interface protection or to change to the narrow frequency band according to 1659 
4.9.4.3. 1660 

• Threshold (1-100) % Un adjustment by steps of 1 % Un 1661 

• Operate time (0,2-100) s adjustable in steps of 0,1 s 1662 

NOTE In case of configuration to change to the narrow frequency band, the operate time is the time until the 1663 
frequency band is changed. 1664 

4.9.3.9 Zero sequence overvoltage protection [59N] 1665 

The zero sequence component of the fundamental voltage overvoltage protection might be configured 1666 
to operate the interface protection and to change to the narrow frequency band according to 4.9.4.3. 1667 

• Threshold (1-100) % Un adjustment by steps of 1 % Un 1668 

• Operate time (0,2-100) s adjustable in steps of 0,1 s 1669 

NOTE In case of configuration to change to the narrow frequency band, the operate time is the time until the 1670 
frequency band is changed. 1671 

4.9.4 Means to detect island situation 1672 

4.9.4.1 General 1673 

Besides the passive observation of voltage and frequency further means to detect an island 1674 
may be required by the DSO. Detecting islanding situations shall not be contradictory to the 1675 
immunity requirements of 4.5. 1676 

Commonly used functions include: 1677 

 Active methods tested with a resonant circuit;  1678 

 ROCOF tripping; 1679 

 Switch to narrow frequency band; 1680 

 Vector shift 1681 
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 Transfer trip. 1682 

Only some of the methods above rely on standards. Namely for ROCOF tripping and for the 1683 
detection of a vector shift, also called a vector jump, currently no European Standard is 1684 
available. 1685 

4.9.4.2 Active methods tested with a resonant circuit  1686 

These are methods which pass the resonant circuit test for PV inverters according to 1687 
EN 62116. 1688 

4.9.4.3 Switch to narrow frequency band (see Annex E and Annex F) 1689 

In case of local phenomena (e.g. a fault or the opening of circuit breaker along the l ine) the 1690 
DSO in coordination with the responsible party may require a switch to a narrow frequency 1691 
band to increase the interface protection relay sensitivity. In the event of a local fault it is 1692 
possible to enable activation of the restrictive frequency window (using the two 1693 
underfrequency/overfrequency thresholds described in 4.9.3.5 and 4.9.3.6) correlating its 1694 
activation with one of the protection functions in 4.9.3.7, 4.9.3.8 and 4.9.3.9. 1695 

If required by the DSO, a digital input according to 4.9.5 shall be available to allow the DSO 1696 
the activation of a restrictive frequency window by communication.  1697 

NOTE An additional gateway to ensure communication with the DSO communication system might be 1698 
required. 1699 

4.9.5 Digital input to the interface protection 1700 

If required by the DSO, the interface protection shall have at least two configurable digital 1701 
inputs. These inputs can for example be used to allow transfer trip or the switching to the 1702 
narrow frequency band. 1703 

4.10 Connection and starting to generate electrical power 1704 

4.10.1 General 1705 

Connection and starting to generate electrical power is only allowed after voltage and 1706 
frequency are within the allowed voltage and frequency ranges for at least the specified 1707 
observation time. It shall not be possible to overrule these conditions. 1708 

Within these voltage and frequency ranges, the generating plant shall be capable of 1709 
connecting and starting to generate electrical power.  1710 

The setting of the conditions depends on whether the connection is due to a normal 1711 
operational start-up or an automatic reconnection after tripping of the interface protection. In 1712 
case the settings for automatic reconnection after tripping and starting to generate power are 1713 
not distinct in a generating plant, the tighter range and the start -up gradient shall be used. 1714 

The frequency range, the voltage range, the observation time and the power gradient shall be 1715 
field adjustable. 1716 

For field adjustable settings, means shall be provided to protect the settings from unpermitted 1717 
interference (e.g. password or seal) if required by the DSO.  1718 

4.10.2 Automatic reconnection after tripping 1719 

The frequency range, the voltage range, the observation time shall be adjustable in the range 1720 
according to Table 3 column 2. If no settings are specified by the DSO and the responsible 1721 
party, the default settings for the reconnection after tripping of the interface protection are  1722 
according to Table 3 column 3. 1723 

Table 3 — Automatic reconnection after tripping 1724 

Parameter Range  Default setting 

Lower frequency 47,0Hz – 50,0Hz 49,5Hz 

Upper frequency 50,0Hz – 52,0Hz 50,2Hz 
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Lower voltage 50% – 100%Uc 90 % Uc  

Upper voltage 100% – 120% Uc 110 % Uc 

Observation time 10s – 600s 60s 

Active power increase gradient 6% – 3000%/min 10%/min 

After reconnection, the active power generated by the generating plant shall not exc eed a 1725 
specified gradient expressed as a percentage of the active nominal power of the unit per 1726 
minute. If no gradient is specified by the DSO and the responsible party, the default setting is 1727 
10 % Pn/min. Generating modules for which it is technically not feasible to increase the power 1728 
respecting the specified gradient over the full power range may connect after 1 min to 10 min 1729 
(randomized value, uniformly distributed) or later. 1730 

4.10.3 Starting to generate electrical power 1731 

The frequency range, the voltage range, the observation time shall be adjustable in the range 1732 
according to Table 4 column 2. If no settings are specified by the DSO and the responsible 1733 
party, the default settings for connection or starting to generate electric al power due to normal 1734 
operational start-up or activity are according to Table 4 column 3. 1735 

Table 4 — Starting to generate electrical power 1736 

Parameter Range  Default setting 

Lower frequency 47,0Hz – 50,0Hz 49,5Hz 

Upper frequency 50,0Hz – 52,0Hz 50,1Hz 

Lower voltage 50% – 100%Uc 90 % Uc  

Upper voltage 100% – 120% Uc 110 % Uc 

Observation time 10s – 600s 60s 

Active power increase gradient 6% – 3000%/min disabled 

If applicable, the power gradient shall not exceed the maximum gradient specified by the DSO 1737 
and the responsible party. Heat driven CHP generating units do not need to keep a maximum 1738 
gradient, since the start up is randomized by the nature of the heat demand. 1739 

For manual operations performed on site (e.g. for the purpose of initial start -up or 1740 
maintenance) it is permitted to deviate from the observation time and ramp rate.  1741 

4.10.4 Synchronization 1742 

Synchronizing a generating plant/unit with the distribution network shall be fully automatic i.e. 1743 
it shall not be possible to manually close the switch between the two systems to carry out 1744 
synchronization. 1745 

4.11 Ceasing and reduction of active power on set point  1746 

4.11.1 Ceasing active power 1747 

Generating plants with a maximum capacity of 0,8 kW or more shall be equipped with a logic 1748 
interface (input port) in order to cease active power output within five seconds following an 1749 
instruction being received at the input port. If required by the DSO and the responsible party, 1750 
this includes remote operation. 1751 
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4.11.2 Reduction of active power on set point 1752 

For generating modules of type B, a generating plant shall be capable of reducing its active 1753 
power to a limit value provided remotely by the DSO. The limit value shall be adjustable in the 1754 
complete operating range from the maximum active power to minimum regulating level.  1755 
The adjustment of the limit value shall be possible with a maximum increment of 10% of 1756 
nominal power 1757 
A generation unit/plant shall be capable of carrying out the power output reduction to the 1758 
respective limit within an envelope of not faster than 0,66 % Pn/ s and not slower than 0,33 % 1759 
Pn/ s with an accuracy of 5 % of nominal power. Generating plants are permitted to disconnect 1760 
from the network at a limit value below it  minimum regulating level. 1761 

NOTE Besides the requirements of this clause there might be other systems in place to control active power 1762 
for reasons of market participation or local optimisation. 1763 

4.12 Remote information exchange 1764 

Generating plants whose power is above a threshold to be determined by the DSO and the 1765 
responsible party shall have the capacity to be monitored by the DSO or TSO control centre 1766 
or control centres as well as receive operation parameter settings for the functions specified 1767 
in this European Standard from the DSO or TSO control centre or control centres.  1768 

This information exchange is aimed at allowing the DSO and/or the TSO to improve, optimize 1769 
and make safer the operation of their respective networks.  1770 

The remote monitoring and operation parameter settings system that may be used by the 1771 
DSO is not aimed at replacing the manual and automatic control means implemented by the 1772 
generating plant operator to control the operation of the generating plant. It should not 1773 
interact directly with the power generation equipment and the switching devices of the 1774 
generating plant. It should interact with the operation and control system of the generating 1775 
plant. 1776 

In principle, standardized communication should be used. It is recommended that in case of 1777 
using protocols for signal transmission used between the DSO or TSO control centre or 1778 
control centres and the generating plant, relevant technical standards (e.g. EN 60870-5-101, 1779 
EN 60870-5-104, EN 61850 and in particular EN 61850-7-4, EN 61850-7-420, IEC/TR 61850-1780 
90-7, as well as EN 61400-25 for wind turbines and relevant parts of IEC 62351 for relevant 1781 
security measures) are recognized. 1782 

Alternative protocols can be agreed between the DSO and the producer. These protocols 1783 
include hardwired digital input/output and analogue input/output provided locally by DSO. The 1784 
information needed for remote monitoring and the setting of configurable parameters are 1785 
specific to each distribution network and to the way it is operated.  1786 

Signal transmission times between the DSO and/or the TSO control centre and the generating 1787 
plant will depend on the means of transmission used between the DSO and/or TSO control 1788 
centre and the generating plant. 1789 

Informative Annex B can be used as guidance regarding the monitoring information and the 1790 
remote operation parameter setting. 1791 
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Annex A 1792 

(informative)  1793 

 1794 

Interconnection guidance 1795 

A.1 General 1796 

This clause provides guidance on the criteria for the connection of generating plants to a 1797 
distribution network and provides guidance for the selection of connection schemes and for 1798 
the co-ordination of electric protection functions.  1799 

Generating plants (whether equipped with rotating, reciprocating or static generating 1800 
technology) may be operated in parallel with a distribution network, subject to compliance with 1801 
the requirements below. As this annex is informative, the requirements below are not part of 1802 
this EN, but are requirements typically found in national grid connection rules.  1803 

A.2 Network integration 1804 

All generating plants should meet the following connection requirements:  1805 

• maximum active and apparent power should be according to the operating criteria agreed with the 1806 

DSO; 1807 

• the connection of the generating plant should not cause a voltage rise exceeding the voltage 1808 

limits at any point within the network; 1809 

• the connection of the generating plant should not cause the harmonic distortion of the voltage 1810 

exceeding its limits at any point within the network; 1811 

• the connection of the generating plant should not cause flicker exceeding limits at any point within 1812 

the network; 1813 

• the connection of the generating plant should not cause the short circuit current to exceed the 1814 

breaking and making current of circuit breakers and, in general, the withstand current of network 1815 

components; 1816 

• the protection schemes and settings for internal faults should be designed not to jeopardize the 1817 

performance of the generating plant and its generating units and should ensure reliable operation 1818 

at all times; 1819 

• the settings applied to the interface protection system should be selected to ensure correct 1820 

tripping of the generating plant under conditions described in 4.9; 1821 

• where the generating plant is connected to a public distribution network that is fitted with fast 1822 

automatic switching devices (e.g. auto-reclose circuit breaker), the opening times of the interface 1823 

switches should be such that the risk of out of phase reclosure is negligible. To allow a sufficient 1824 

time for the self-extinction of the fault, the maximum opening time of the interface-protection 1825 

should be lower than the auto-reclosure-time. However, arrangements should be provided, if 1826 

appropriate, under the producer’s responsibility, in agreement with the DSO to prevent damage to 1827 

the generating unit and to find the best solution for both, operation and preservation of the 1828 

generating unit. Especially on feeders feeding generating units with directly coupled generating 1829 

technology and DFIG, the automatic reclosing action and the disconnection of the generating 1830 

plant should be coordinated; the generating unit should be disconnected before any reclosing 1831 

action. 1832 
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A connection agreement should be reached between the DSO and the producer, prior to 1833 
connection. The connection agreement should include, but should not be limited to, the 1834 
following issues: 1835 

• maximum active and apparent power to be installed in the generating plant and if applicable the 1836 

maximum active and apparent power to be exported and imported by the generating plant; 1837 

• connection voltage at POC; 1838 

• contribution of the generating plant to short circuit current; 1839 

• if appropriate, active factor or reactive power control at POC respectively at the generating unit 1840 

terminals; 1841 

• operation and settings of automatic voltage controller, active factor controller and power 1842 

frequency controller where present; 1843 

• single line diagram of installation, showing the point of connection, the installation boundary, the 1844 

metering point, all switching devices, the protection devices, the inverter (if any), etc.; 1845 

• earthing arrangement of the generating plant (in compliance with national legislation, standards 1846 

and regulations); 1847 

• connection requirements; 1848 

• settings applied to the interface protection; 1849 

• a list of measurement and control signals to be exchanged between the DSO/TSO and generating 1850 

plant. 1851 

A.3 Clusters of single-phase generating units 1852 

When a generating plant is composed of clusters of single-phase generating units, the 1853 
imbalance of current should not exceed 16 A for the sum of generating units connected to low 1854 
voltage DSO network, unless the unbalance is generated to counteract voltage unbalance at 1855 
the point of connection, in agreement with the DSO. 1856 

NOTE 1 Communication links between the single-phase units may be used to ensure this requirement. 1857 

NOTE 2 Higher values than 16 A may be defined by national legislation or the DSO, up to the maximum 1858 
contractual power of single phase connection contract for consumers with no generation. 1859 

NOTE 3 This clause can be taken to apply to any imbalance caused by asymmetric phase loading, whether 1860 
caused by single-, two-, or three-phase generating units. 1861 
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Annex B 1862 

 (informative) 1863 

 1864 

Remote information exchange 1865 

This annex gives information for guidance on remote monitoring (see Table 5) and remote operation parameters setting (see Table 6). 1866 

Table 5 — Remote monitoring - Information sent by the generating plant to the control centre(s) 1867 

T5–1 Information Type of signal Purpose Maximum 
refresh time 

Reference to 
CLC/TS 50549–2 
or 
Relevance for 

Logical nodes 
(for information 
61850 applies) 

T5–2 voltage measurement 
at the point of 
connection 

measurement network monitoring 1 s Relevant for DSO/TSO   

T5–3 active power injected at 
the point of connection 

measurement generation program monitoring 1 s Relevant for DSO/TSO   

T5–4 reactive power injected 
at the point of 
connection 

measurement generation program monitoring 1 s Relevant for DSO/TSO   

T5–5 availability / 
unavailability of the 
remote monitoring and 
operation parameters 
setting system 

simple Logic: 

- “remote monitoring and 
control unavailable” 

This function gathers all 
unavailability possibilities. 

It may trigger narrow 
frequency range in some 
protection schemes. 

1 s F.2 

(switch to narrow 
frequency range) 

  

T5–6 generating plant 
connected to the 
network 

double Logic: 

- “one generating unit 
coupled” 

- “all generating units 
decoupled” 

monitoring of the connection to 
the network of one or more 
generating units 

1 s Relevant for DSO/TSO 61850–7-4 
CSWI, Pos, stVal 
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T5–1 Information Type of signal Purpose Maximum 
refresh time 

Reference to 
CLC/TS 50549–2 
or 
Relevance for 

Logical nodes 
(for information 
61850 applies) 

T5–7 reception of the 
authorization for the 
generating plant to 
connect 

double logic: 

- “authorization to connect 
received” 

- “waiting for the 
authorization to connect” 

acknowledgement of 
authorization to connect 

1 s Communication 
verification 

 

61850–7-420 

ECPClsAuth 

T5–8 reception of the 
request for 
disconnection or for 
end of disconnection 

double logic: 

- “disconnection request 
received” 

- “end of disconnection 
request received” 

acknowledgement of 
disconnection request or end 
of disconnection request 

1 s Communication 
verification 

 

  

T5–9 reception of request for 
fast disconnection or 
for end of fast 
disconnection 

double logic: 

- “fast disconnection 
request received” 

- “end of fast disconnection 
request received” 

acknowledgement of fast 
disconnection request or end 
of fast disconnection request 

1 s Communication 
verification 

F.2 
(transfer trip) 

  

T5–10 reception of request for 
active power limitation 
and end of active 
power limitation 

double logic: 

- “active power limitation 
request received” 

- “end of active power 
limitation request received” 

 

acknowledgement of reception 
of request for active power 
limitation and end of active 
power limitation 

1 s Communication 
verification 

Relevant for DSO 

61850–7-420 

T5–11 reception of request for 
fixed reactive power 
setting and end of fixed 
reactive power setting 

double logic: 

- “fixed reactive power 
setting request received” 

- “end of fixed reactive 
power setting request 
received” 

 

acknowledgement of reception 
of request for fixed reactive 
power setting and end of fixed 
reactive power setting 

1 s Communication 
verification 

4.7.2.3.2 (Q fix) 

61850–7-420 
DEROpMode 
OpModeConVar 



DRAFT prEN50549-2 

56 

T5–1 Information Type of signal Purpose Maximum 
refresh time 

Reference to 
CLC/TS 50549–2 
or 
Relevance for 

Logical nodes 
(for information 
61850 applies) 

T5–12 reception of request for 
fixed cos φ setting and 
end of fixed cos φ 
setting 

double logic: 

- “fixed cos φ setting 
request received” 

- “end of fixed cos φ setting 
request received” 

acknowledgement of reception 
of request for cos φ setting 
and end of fixed cos φ setting 

1 s Communication 
verification 

4.7.2.3.2 
(Cos φ fix) 

61850–7-420 
DEROpMode 
OpModeConPF 

T5–13 reception of request for 
reactive power 
amplitude limitation 
and end of reactive 
power amplitude 
limitation 

double logic: 

- “reactive power amplitude 
limitation request received” 

- “end of reactive power 
amplitude limitation request 
received” 

 

acknowledgement of reception 
of request for reactive power 
amplitude limitation and end of 
reactive power amplitude 
limitation 

1 s Communication 
verification 

Communication 
verification 

 

61850–7-420 
DEROpMode 
OpModeMaxVar 

 1868 
 1869 
Table 6 — Remote operation parameters setting – Information and settings received by the generating plant from the control centre(s) 1870 

T6–1 Operation parameter Type of signal Purpose Maximum 
operate time1 

Reference to CLC/TS 
50549–2 
or 
Relevance for 

Logical nodes  
(for information 
61850 applies) 

T6–2 authorization for 
coupling 

simple logic: 

- “coupling authorized” 

authorization for the 
generating plant to connect to 
the network 

1 s Relevant for DSO/TSO 

 

61850–7-420 

ECPClsAuth 

                                                      
 
1 The maximum operate time is the maximum duration between reception of the command by the generating plant and the beginning of the actuation. 
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T6–1 Operation parameter Type of signal Purpose Maximum 
operate time1 

Reference to CLC/TS 
50549–2 
or 
Relevance for 

Logical nodes  
(for information 
61850 applies) 

T6–3 decoupling request and 
end of decoupling 
request 

double logic: 

- “decoupling request” 

- “end of decoupling 
request” 

disconnection of the 
generating plant from the 
network 

end of requirement for 
disconnection of the 
generating plant from the 
network 

1 s     

T6–4 fast decoupling request 
and end of fast 
decoupling request 

Double logic: 

- “fast decoupling request” 

- “end of fast decoupling 
request” 

disconnection of the 
generating plant from the 
network as fast as technically 
possible 

end of requirement for fast 
disconnection of the 
generating plant from the 
network 

100 ms (as fast 
as technically 
feasible) 

F.2 
(transfer trip) 

  

T6–5 active power limitation 
request and end of 
request 

Double logic: 

- “active power limitation 
request” 

- “active power limitation 
end of request” 

This command signals to the 
generating plant limitation of 
the active power it is allowed 
to produce 

1 s Relevant for DSO 

 

61850–7-420 

T6–6 active power limitation 
value 

- “value of active power 
limitation” 

Setting of the maximum 
allowed active power to be 
produced by the generating 
plant 

1 s Relevant for DSO 

 

61850–7-420 

T6–7 fixed reactive power 
setting request and end 
of request 

Double logic: 

- “fixed reactive power 
setting request” 

- “fixed reactive power 
setting end of request” 

This command signals to the 
generating plant a setting for 
the reactive power it shall 
produce 

1 s 4.7.2.3.2 (Q fix) 61850–7-420 
DEROpMode 
OpModeConVar 
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T6–1 Operation parameter Type of signal Purpose Maximum 
operate time1 

Reference to CLC/TS 
50549–2 
or 
Relevance for 

Logical nodes  
(for information 
61850 applies) 

T6–8 fixed reactive power 
value 

- “value of fixed reactive 
power” 

Setting of the reactive power 
to be produced by the 
generating plant 

1 s 4.7.2.3.2 
(Q fix) 

61850–7-420 
DEROpMode 
OpModeConVar 

T6–9 fixed cos φ setting 
request and end of 
request 

Double logic: 

- “fixed cos φ setting 
request” 

- “fixed cos φ setting end 
of request” 

This command signals to the 
generating plant a setting for 
the cos φ it shall deliver 

1 s 4.7.2.3.2 
(cos φ fix) 

61850–7-420 
DEROpMode 
OpModeConPF 

T6–10 fixed cos φ value - “value of cos φ” Setting of cos φ to be 
delivered by the generating 
plant 

1 s 4.7.2.3.2 
(cos φ fix) 

61850–7-420 
DEROpMode 
OpModeConPF 

T6–11 reactive power 
limitation request and 
end of request 

Double logic: 

- “reactive power limitation 
request” 

- “reactive power limitation 
end of request” 

This command signals to the 
generating plant a limitation of 
the reactive power amplitude it 
is allowed to produce 

1 s Relevant for DSO 

 

61850–7-420 
DEROpMode 
OpModeMaxVar 

T6–12 reactive power 
limitation value 

- “value of reactive power 
limitation” 

Setting of the maximum 
allowed reactive power to be 
produced by the generating 
plant 

1 s Relevant for DSO 

 

61850–7-420 
DEROpMode 
OpModeMaxVar 

T6–13 Define curve “Code of curve” 

“Curve points” 

“Input units” 

“Output ref” 

“Ramp rates” 

Definition of curve for reactive 
power regulation, dependent 
on voltage or active power. 

1 s Relevant for DSO 

4.7.2.3.3 and 4.7.2.3.4 

TR 61850–90–7 
LN: FMAR (new) 
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T6–1 Operation parameter Type of signal Purpose Maximum 
operate time1 

Reference to CLC/TS 
50549–2 
or 
Relevance for 

Logical nodes  
(for information 
61850 applies) 

T6–14 Select curve “Code of curve” 

“Activate/Deactivate” 

“Type of operation” 

“Transition time” 

Change to new curve or 
activation or deactivation of 
regulation after curve 

1 s Relevant for DSO 

4.7.2.3.3 and 4.7.2.3.4 

TR 61850–90–7 
LN: DGSM (new) 

T6–15 Voltage unlock signal 
for narrow frequency 
window 

Double logic: 

- “narrow frequency 
window on” 

- “narrow frequency 
window off” 

Activate or deactivate the 
narrow frequency protection 
window 

1 s 

100 ms (as fast 
as technically 
feasible) 

F.2 (switch to narrow 
frequency range) 

  

 1871 
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Annex C 1872 

 (informative)  1873 

 1874 

Parameter Table 1875 

This annex provides an overview over all parameters used in this European Standard, the 1876 
value range and the default values provided in this European Standard as well as a column 1877 
for specific values as required by one DSO and the responsible party. The Column Ref 1878 
specifies if a parameter is relevant for COMMISSION REGULATION 2016/631 and for what 1879 
Type of generating module the parameter is relevant. If n.a. is set, this parameter is: not 1880 
applicable for 2016/631, but is introduce into EN50549-2 for local DSO network management 1881 
reasons and is not considered as cross border issues  1882 

Table 7 — Parameter table 1883 

Clause(s) / 
subclause(s) 

of this EN 

Ref 

Parameter 

Typical value 
range 

Value 
default 

DSO 
Requir

e-ment 

      

4.4.2 Operating 

frequency range 

A 47,0 – 47,5 Hz Duration 0 – 20 s 0s   

A 47,5 – 48,5 Hz Duration 30 – 90 min 30 min   

A 48,5 – 49,0 Hz Duration 30 – 90 min 30 min   

A 49,0 – 51,0  Hz Duration not 

configurable 

Unlimited   

A 51,0 – 51,5 Hz Duration 30 – 90 min 30 min   

A 51, 5 – 52 Hz Duration 0 – 15 min 0 s   

4.4.3 Minimal 
requirement for active 

power delivery at 
underfrequency 

A Reduction threshold 49 Hz – 49,5 
Hz 

49,5 Hz   

A Reduction rate 2 – 10 % 
PM/Hz 

10 % PM/Hz   

4.4.4 Continuous 

operating voltage 
range 

n.a. Upper limit not 

configurable 

110% Uc   

n.a. Lower limit not 

configurable 

90% Uc  

4.5.2 Rate of change 

of frequency 
(ROCOF) immunity 

A ROCOF withstand capability 

(defined with a sliding measurement 
window of 500 ms) 

non-synchronous generating 
technology: 

synchronous generating technology: 

not defined  

 
 

2 Hz/s 

 

1 Hz/s 

  

4.5.3.2 Generating 
plant with non-

synchronous 
generating 

technology 

B Maximum power resumption time not defined 1 s   

B Voltage-Time-Diagram 

 

see Figure 6 Time 

[s] 

U 

[p.u.] 

  

0,0 0,2 

0,15 0,2 

1,5 0,85 

180 0,85 

180 0,9 

4.5.3.3 Generating B Maximum power resumption time not defined 3 s   
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Clause(s) / 
subclause(s) 

of this EN 

Ref 

Parameter 

Typical value 
range 

Value 
default 

DSO 
Requir

e-ment 

plant with 
synchronous 

generating 
technology 

B Voltage-Time-Diagram see Figure 7 Time 
[s] 

U 
[p.u.] 

  

0,0 0,3 

0,15 0,3 

0,15 0,7 

0,7 0,7 

1,5 0,85 

180 0,85 

180 0,9 

4.5.4 Over-voltage 

ride through (OVRT) 

n.a. Voltage-Time-Diagram not 

configurable 

Time 

[s] 

U 

[p.u.] 

  

0,0 1,25 

0,1 1,25 

0,1 1,20 

5,0 1,20 

5,0 1,15 

60 1,15 

60 1,10 

4.6.1 Power response 

to overfrequency 

A Threshold frequency f1 50,2 Hz – 52 

Hz 

50,2 Hz   

A Droop 2 % – 12 % 5 %   

A Power reference PM | Pmax PM   

A Intentional delay 0 – 2 s 0s   

A Deactivation threshold fstop 50,0 Hz – f1 Deactivated   

A Deactivation time tstop 0 – 600 s -  

A Acceptance of staged disconnection yes | no yes   

4.6.2 Power response 

to underfrequency 

n.a. Threshold frequency f1 49,8 Hz – 46 

Hz 

49,8 Hz   

n.a. Droop 2 – 12 % 5 %   

n.a. Power reference PM | Pmax Pmax   

n.a. Intentional delay 0 – 2 s 0 s   

4.7.2.2 Capabilities B Reactive power range overexcited 0 – 0,33 0,33   

  Reactive power range underexcited 0 – 0,33 0,33   

4.7.2.3 Control 
modes 

n.a. Enabled control mode Q setp. 
Q(U) 

Q(P) 
cos φ setp.  

cos φ (P) 

Q setpoint   

4.7.2.3.2 Setpoint 
control modes 

n.a. Q setpoint and excitation 0 – 33 % PD 0   

n.a. cos φ setpoint and excitation 1 – 0,9 1   

4.7.2.3.3 Voltage 
related control modes 

n.a. Characteristic curve - -   

n.a. Time constant 3 s – 60 s 10 s   
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Clause(s) / 
subclause(s) 

of this EN 

Ref 

Parameter 

Typical value 
range 

Value 
default 

DSO 
Requir

e-ment 

n.a. Min cos φ 0,0 – 1 0,9   

n.a. Lock in power 0 % – 20 % deactivated   

n.a. Lock out power 0 % – 20 % deactivated   

4.7.2.3.4 Power 
related control mode 

n.a. Characteristic curve - -   

4.7.4 Short circuit 
current requirements 

on generating plants 

B Enabling enable | 
disable 

disabled   

B Static voltage range overvoltage 100 % Uc – 
120 % Uc 

110 % Uc   

B Static voltage range undervoltage 80 % Uc – 

100 % Uc 

90 % Uc   

B Insensitivity range of ∆U50per 0 % – 15 % 5 %   

B Gradient k1 0 – 6 2   

B Gradient k2 0 – 6 2   

4.7.4.2.2 Optional 

Modes 

 Active power priority enable | 

disable 

disable  

 Reactive current limitation [% rated 

current] 

0%–100% disable  

 Zero current threshold 20 % Uc – 
100 % Uc 

disable  

4.7.4.2.3 Zero current 
mode for converter 

connected generating 
technology 

 Enabling enable | 
disable 

disable   

 Static voltage range undervoltage 20 % Uc – 
100 % Uc 

50 % Uc   

4.9.3 Requirements 

on voltage and 
frequency protection 

B Undervoltage threshold stage 1 0,2 Uc – 1  Uc     

B Undervoltage operate time stage 1 0,1 s – 100 s     

B Undervoltage threshold stage 2 0,2  Uc – 1  Uc     

B Undervoltage operate time stage 2 0,1 s – 5 s     

B Overvoltage threshold stage 1 1,0  Uc – 
1,2  Uc 

    

B Overvoltage operate time stage 1 0,1 s – 100 s     

B Overvoltage threshold stage 2 1,0  Uc – 
1,3  Uc 

    

B Overvoltage operate time stage 2 0,1 s – 5 s     

B Overvoltage threshold 10 min mean 

protection 

1,0  Uc – 

1,15  Uc 

    

B Underfrequency threshold stage 1 47,0 Hz– 
50,0 Hz 

    

B Underfrequency operate time stage 
1 

0,1 s – 100 s     

B Underfrequency threshold stage 2 47,0 Hz – 
50,0 Hz 

    

B Underfrequency operate time stage 

2 

0,1 s – 5 s     

B Overfrequency threshold stage 1 50,0 Hz – 52,0 

Hz 
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Clause(s) / 
subclause(s) 

of this EN 

Ref 

Parameter 

Typical value 
range 

Value 
default 

DSO 
Requir

e-ment 

B Overfrequency operate time stage 1 0,1 s – 100 s     

B Overfrequency threshold stage 2 50,0 Hz – 52,0 

Hz 

    

B Overfrequency operate time stage 2 0,1 s – 5 s     

B Positive sequence under-voltage 

protection threshold 

20 % – 100 %     

B Positive sequence under-voltage 

protection operate time 

0,2 s – 100 s     

B Negative sequence over-voltage 

protection threshold 

1 % – 100 %     

B Negative sequence over-voltage 
protection operate time 

0,2 s – 100 s     

B Zero sequence over-voltage 
protection threshold 

0 % – 100 %     

B Zero sequence over-voltage 
protection operate time 

0,2 s – 100 s     

4.10.2 Automatic 

reconnection after 
tripping 

 Lower frequency 47,0 Hz – 

50,0 Hz 

49,5 Hz  

 Upper frequency 50,0 Hz – 

52,0 Hz 

50,2 Hz  

 Lower voltage 50 % Uc – 

100 %Uc 

90 % Uc   

 Upper voltage 100 % Uc – 
120 % Uc 

110 % Uc  

 Observation time 10 s – 600 s 60 s  

 Active power increase gradient 6 % – 

3000 %/min 

10 %/min  

4.10.3 Starting to 
generate electrical 

power 

 Lower frequency 47,0 Hz – 
50,0 Hz 

49,5 Hz  

 Upper frequency 50,0 Hz – 
52,0 Hz 

50,1 Hz  

 Lower voltage 50 % – 
100 %Uc 

90 % Uc   

 Upper voltage 100 % – 

120 % Uc 

110 % Uc  

 Observation time 10 s – 600 s 60 s  

 Active power increase gradient 6 % – 
3000 %/min 

disabled  

4.11 Ceasing and 

reduction of active 
power on set point 

A Active power controllability required 

NOTE: If yes further definition is 
provided by the DSO 

yes | no No   

4.12 Remote 
information exchange 

B Remote information exchange 
required 

NOTE: If yes further definition is 
provided by the DSO 

yes | no No   
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Annex D 1884 

 (informative) 1885 

 1886 

List of national requirements applicable for generating plants 1887 

This annex provides an overview of further national requirements  and recommendations 1888 
applicable for generating plants. Generating plants are expected to be required to comply with 1889 
these national requirements. 1890 

This list is informative only is not complete and might be outdated. It is the responsibility of 1891 
the producer to ensure that all applicable requirements are complied with.  1892 

Additional information might also be found at the network code implementation monitoring 1893 
page of ENTSO-E http://www.entso-e.eu -> PROJECTS-> Connection Code – Active Library 1894 

Or https://docs.entsoe.eu/cnc-al/ 1895 

Note: the web address might change 1896 

Table 8 — List of national requirements applicable for generating plants 1897 

Country Applicable Documents 

Austria TOR D4 

Technical and organisational rules by e-control 

Part D: Special technical rules 

Section D4: Operation of generating stations in parallel with distribution networks 

Belgium C10/11 

Specifieke technische aansluitingsvoorschriften voor gedecentraliseerde productie-

installaties die in parallel werken met het distributienet. 

Prescriptions techniques spécifiques de raccordement d’installations de production 

décentralisée fonctionnant en parallèle sur le réseau de distribution 

France Under consideration 

Germany VDE-AR-N 4100 

Technische Regeln für den Anschluss von Kundenanlagen an das Niederspannungsnetz 

und deren Betrieb 

VDE-AR-N 4105 

Erzeugungsanlagen am Niederspannungsnetz 

VDE-AR-N 4110 

Technische Regeln für den Anschluss von Kundenanlagen an das Mittelspannungsnetz 

und deren Betrieb 

Great Britain ER G59 

ER G83 

ER G99 (post May 2019) 

ER G98 (post May 2019) 

Italy CEI 0-16 

CEI 0-21  

Latvia Sabiedrisko pakalpojumu regulēšanas komisijas padomes noteikumi 
“Sistēmas pieslēguma noteikumi elektroenerģijas ražotājiem” 
(Regulations for a system connection for electricity producers, issued 
by national Public utilities commission) 

Romania ANRE Order no. 30/2013 – Technical Norm – Technical Requirements 
for connecting photovoltaic power plants to public electrical network; 

ANRE Order no. 51/2009 - Technical Norm – Technical Requirements 

http://www.entso-e.eu/
https://docs.entsoe.eu/cnc-al/
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for connecting wind power plants to public electrical network; 

ANRE Order no. 29/2013 – Technical Norm – Addendum to Technical 
Requirements for connecting wind power plants to public electrical 
network 

Slovenia SONDO and SONDSEE (Slovenian national rules for connection and 
operation of generators in the distribution network) 

Switzerland NE/EEA-CH, Country Settings Switzerland 
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Annex E 1898 

 (informative) 1899 

 1900 

Loss of Mains and overall power system security 1901 

Loss of Mains detection and overall power system security entail conflicting requirements.  1902 

On the one hand, frequency is a common characteristic within an interconnected synchronous 1903 
area. As it affects all connected generating plants at the same time, frequency related 1904 
requirements aim to ensure overall power system security. Considering the share of 1905 
distributed generation in the overall production, these generating plants are expected to have 1906 
the capability to operate in a wide frequency range for a definite duration in order to avoid a 1907 
massive disconnection. They are as well capable of participating actively in load frequency 1908 
control due to a chosen response to frequency changes. 1909 

On the other hand, frequency dependant characteristics can be used to detect unintentional 1910 
island situations in order to disconnect the generating units (see 4.9 and more specific 4.9.4). 1911 
This is essential to limit the risk of damages to equipment (in the producer’s installations as 1912 
well as in the distribution network) due to:  1913 

• (automatic) reclosing cycles ‘causing’ to out of phase re-closing; 1914 

• non-compliance with EN 50160. 1915 

Additionally frequency dependant characteristics allow for maintenance work after an 1916 
intentional disconnection of a section of the distribution network.  1917 

If implemented without any precaution, the wide operating frequency range and the active 1918 
response to frequency deviations will have a negative impact on the detection of unintentional 1919 
islands using frequency-dependant characteristics. At present, reported islanding situations 1920 
occur in moments where load and generation are sufficiently balanced, which limits the 1921 
probability of this kind of events. The use of active power response to frequency deviations in 1922 
combination with a wider operating frequency range (and wide protection settings) will make a 1923 
load-generation balance more likely. As a consequence, a stable unintentional island may 1924 
occur, especially in situations with production exceeding consumption. 1925 

This European Standard identifies some approaches to combine the interests of overall power 1926 
system security and the detection of unintentional islanding:  1927 

• an intentional delay in the activation of the response to frequency deviation with the time needed 1928 

for the island detection to operate (see 4.6.1 and 4.6.2); 1929 

• the possible activation of a narrow frequency window (e.g. 49,8 Hz – 50,2 Hz) in the interface 1930 

protection in case of a local event (and not an overall power system event) (see 4.9.4.3); 1931 

and, as an option for all generating units, 1932 

• the immunity to out of phase re-closing (see 4.8 and 4.9) or similar solutions. 1933 

Other possibilities to combine both interests and to partially counteract the negative impact on 1934 
the detection of unintentional islanding and its consequences exist. Nevertheless, they all 1935 
have their limitations and drawbacks and cannot be implemented in a general way due to 1936 
different constraints (technical, timing, economical, etc). Among other possibilities, some are 1937 
listed here: 1938 

• other methods of islanding detection not based on frequency including transfer trip; 1939 

• voltage supervised reclosing; 1940 

• remote control of generating plants or loads, e.g. during maintenance works; 1941 
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• multiphase earthing of the island. 1942 
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Annex F 1943 

(informative) 1944 

 1945 

Examples of protection strategies 1946 

F.1 Introduction 1947 

F.1.1 General 1948 

When looking at protection strategies applied in distribution networks,  the handling of possible 1949 
islanding situations is a main topic. Some general aspects are highlighted first as introduction 1950 
to the example strategies applied in two different countries.  1951 

F.1.2 Generalities 1952 

Island operation as such is not an unwanted operational event. In particular, islanding 1953 
situations due to scenarios such as a major disturbance, or intended islanding during 1954 
maintenance works and the restoration of network operation after a wide blackout are part of 1955 
the normal operational conditions even though this islanding is temporary. 1956 

Unlike the above mentioned island situations, unwanted islands can be characterized by one 1957 
or more of the following: 1958 

• No monitoring of the network parameters within the disconnected network section; 1959 

• Impossibility to detect that a disconnection section of the network is under voltage; 1960 

• Generating units performing non-supervised voltage and frequency regulation; 1961 

• Malfunction of the coordinated protection system. 1962 

Whether an island is wanted or not it therefore has to be determined for various 1963 
configurations in advance. In most cases, islands in medium and low voltage networks are 1964 
considered as unwanted. 1965 

F.1.3 Detection of unwanted islands 1966 

It is difficult to identify reliably unwanted islanding situations from the viewpoint of the 1967 
generating unit (both MV and LV): 1968 

• Network impedance will have to be measured accurately in low voltage parts of the grid to 1969 

achieve a reliable reading which can be used to identify an impedance shift, phase shift etc. and 1970 

thus an islanding event. Furthermore, differentiating between islanding and switching of the 1971 

network (for instance reverse supply) is a problem. 1972 

• Voltage and frequency can be held in the island within normal operating ranges by methods of 1973 

frequency control needed to optimize the interconnection in disturbed state and voltage support 1974 

by use of reactive and active power. 1975 

• Strategies adopted in some countries, that use the measurement of positive, negative and zero 1976 

sequence components of the fundamental voltages to differentiate between local faults in MV 1977 

networks and external perturbations coming from voltage levels above (Un ≥ 110 kV), can cause a 1978 

quick disintegration of unwanted islands in most cases (see Example strategy 1). Nevertheless, 1979 

there are situations where even this method can lead to a sustained islanding due to e.g. 1980 

switching off a MV feeder for maintenance work (in absence of a fault). For such cases the 1981 

potential of a stable island (or the existence of an island during several minutes) should still be 1982 

considered. 1983 
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NOTE 1 The risk for nuisance tripping should be considered together with the efficiency of the detection of 1984 
island situations. 1985 

F.1.4 Problems with uncontrolled islanding in MV networks 1986 

F.1.4.1 Safety 1987 

When performing maintenance work it should not be assumed that the disconnected network 1988 
area is indeed without voltage. The five safety rules shall be strictly observed to avoid major 1989 
accidents, especially testing whether a power system is ‘live’ before earthing and short 1990 
circuiting. 1991 

• Disconnect mains; 1992 

• Prevent reconnection; 1993 

• Test for all phases for absence of harmful voltages; 1994 

• Earth and short circuit; and 1995 

• Cover or close nearby live parts. 1996 

F.1.4.2 Grid parameters 1997 

In island situations they will remain within the permissible range due to the existing protection 1998 
devices of the generating units as far as network frequency and voltage supply is concerned. 1999 
A deviation with regard to the angle between phases (120°), flicker and harmonics levels is 2000 
not tested. The latter may cause overcurrents, especially in the case of directly connected 2001 
three-phase electrical machines. Possible damage can occur due to higher current drain.  2002 

F.1.4.3 Reclosing operations 2003 

The voltage phasor in the island is not synchronized with the main grid. This may cause high 2004 
transient currents, voltage and phase shifts when an undetec ted island is reconnected 2005 
automatically, on remote control or manually. This is a risk to electrical machinery, including 2006 
the switch which performs the reconnection, and attached drivetrains of machines or prime 2007 
movers of generating units. As there is no central frequency and voltage control in the island 2008 
and no measuring of voltage along the circuit breaker (= coupling switch) in unwanted islands, 2009 
no correct in phase re-synchronization can be achieved. 2010 

F.1.4.4 Protection of islands against overcurrents 2011 

When the power supply in the islanding network is primarily realized via converter based 2012 
energy sources there will be a lack of sufficiently large short circuit current to trigger the 2013 
existing protection devices on LV and MV level (distance and over current protectio n) in case 2014 
of faults. Prior to islanding, short circuit power was supplied via a power transformer by the 2015 
high voltage network. Therefore, it may happen that the island is only dysfunctionally 2016 
protected against network faults. In the case of a short circui t, continuous operation cannot be 2017 
expected because of the unbalanced power supply. Locating the fault is made more difficult, 2018 
because no (selective) tripping of power system protection devices takes place.  2019 

F.1.4.5 Protection against phase to earth faults 2020 

When an electrical island exists in a medium voltage network, the earthing conditions change 2021 
significantly, as measures for treating the neutral point (Petersen-coil, low-resistance 2022 
earthing, etc.) are in general implemented in the transformer substation. If there is no galvanic 2023 
connection between the fault and the neutral point at the substation in an islanding situation, 2024 
this can lead to a continuous operation with an earth fault, causing risks to human life by step 2025 
and touch voltages. 2026 

Therefore, network islands without controlled, preferably automatic network control and 2027 
monitoring, should generally be avoided. 2028 
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F.2 Example strategy 1 2029 

In Italy, automatic reclosing on MV feeders is generally applied. Moreover, a complete MV 2030 
network automation acting for any kind of faul t (3 ph, 2 ph, 1 ph to earth and cross country 2031 
faults) is also present. The automation scheme is based only on local automata and 2032 
measurements. With the wide frequency window set on interface protection relays, combined 2033 
with generating plant’s UVRT and OVRT capabilities and the frequency sensitive mode, 2034 
uncontrolled island operation is highly possible. Supported from both MV and LV connected 2035 
generating plants, an island may sustain after faults and switching operation without fault 2036 
(operation needs). In these situations a reclosing action can be triggered automatically or by 2037 
remote control. On asynchronous networks e.g. in counterphase, or with an angle between 2038 
voltage phasors of two network parts exceeding 45° a reclosing may cause damages both to 2039 
customer and DSO assets. In addition, the islanding part of network is not controlled and 2040 
protected against any fault. 2041 

Two solutions have been defined, depending on the availability of a proper communication 2042 
network: 2043 

a) In absence of communication network: 2044 

1) If the local setting is set to LOW (0), the wide frequency window is enabled except in 2045 
case of a fault detection at MV level. Then, the narrow frequency window is activated 2046 
by the voltmetric unlock function (see Figure 19). In this latter situation a temporary 2047 
increase of interface protection relays sensitivity of all the generating plants connected 2048 
to a single HV/MV transformer is foreseen. This solution may not avoid completely 2049 
islanding in case of intentional switching operations without faults.  2050 

2) If the local setting is set to HIGH (1), wide frequency window is always enabled, 2051 
independent of the output of the voltmetric unlock function (ANSI CODE 81V).  2052 

b) In presence of communication network: 2053 

1) Local setting has to be set to LOW (0); 2054 

2) Interface protection relay tripping is obtained through transfer trip, if communication 2055 
network operates correctly. During a communication malfunction the narrow frequency 2056 
window of the interface protection relay will be activated by voltmetric unlock function 2057 
(ANSI CODE 81V), in case of a fault detection at MV level, as described in the 2058 
situation 1.a. above. 2059 

NOTE 2 The ANSI CODE refers to standard device numbers according to IEEE C37.2. 2060 

In case of MV connected generating plants the voltmetric unlock function may be embedded 2061 
in the interface protection relay or realized through a separate device. In case of LV 2062 
connected interface protection relay, the voltmetric unlock function shall be realized through a 2063 
separate device installed by the DSO on MV side of MV/LV distribution transformer and the 2064 
narrow frequency window enabling signal will be transmitted to LV connected generating 2065 
plants through a proper communication network (for instance through power line carrier in the 2066 
frequency band (3 kHz - 95 kHz). 2067 

Typical arrangements of protection functions inside the interface protection relay are shown in 2068 
the scheme of Figure 19, while corresponding typical settings are indicated in Table 9. 2069 
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 2070 

Figure 19 — Typical scheme of interface protection relay in the Italian solution  2071 
NOTE 3 Reset time 1 is needed to avoid start and reset in case of arcing faults.  2072 
Reset time 2 is related to DSO reclosing/automation cycle and related timing. 2073 

 2074 
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Table 9 — Typical protection functions and related regulations on interface protection relays in the Italian solution  2075 

 2076 
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F.3 Example strategy 2 2077 

The following example is applicable to a rural MV feeder with overhead lines and an 2078 
open ring topology. The grade of network automation is low, using only auto -2079 
reclosure breakers at the substation. 2080 

a) Detection: Before measures coping with unwanted island operation can be taken, the 2081 

existence of such an island shall be detected. 2082 

1) Recognizing network islands 2083 

To avoid above all an to out of phase re-closing (see F.1.4), the voltages have to be 2084 

measured on both sides of the switch (e.g. the breaker at the substation). If the switch 2085 

is open and there are voltages on both sides, automatic reclosure after a short 2086 

interruption has to be blocked. Furthermore, a “switch-closing-warning” has to be sent 2087 

to the control centre. A re-connection can occur only after this warning has been 2088 

acknowledged. A manual closing for example needs to be done if a meshed operation 2089 

shall be carried out. 2090 

This systematic approach can be implemented with a logical interconnection of the 2091 

usually available voltage measurements on the 20-kV-busbar, the switch position 2092 

(On/Off) and a voltage recording on the feeders, e.g. capacitive voltage sensors of the 2093 

protection equipment. 2094 

The requirements on voltage recording at the feeders are minimal. No phase or 2095 

measurement accuracy is expected. The logical statement “Power ON” or “Power 2096 

OFF” is sufficient. Hereby threshold values should be selected, so that false positive 2097 

and false negative measurement errors are avoided and are adjusted to the switch-off 2098 

limit of the low and medium voltage protection. In Germany, the values are U < 80 % 2099 

Un according to VDE-AR-N 4105 and the medium voltage guideline U <  < 45 % Un. In 2100 

the following example, a threshold of 40 % Un has been chosen for the determination if 2101 

voltage is present or not. 2102 

 2103 

Figure 20 2104 

 2105 
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Table 10 — Binary state tree of breaker status and voltage measurements 2106 
upstream and downstream of the breaker, resulting in an islanding 2107 

  Breaker ON (closed) Breaker OFF (open) 

  U2 ≤ 40 % U2 > 40 % U2 ≤ 40 % U2 > 40 % 

U1 ≤ 40 % ok Measurement Error ok 
Island warning / 
manual re-connection 
only 

U1 > 40 % Measurement Error ok ok 
Island warning / 
manual re-connection 
only 

 2108 

b) There are three basic options how to terminate an island situation: 2109 

1) A balance of active and reactive power is necessary for the islanding condition. This 2110 
changes with user behaviour and the availability of primary energy sources. Basically, 2111 
it is possible to wait until this balance no longer exists (calm wind, sunset, etc.) and 2112 
the island disintegrates by itself. However, the power system operator carries the risk 2113 
that the islanded sub-network is temporarily operated unprotected. Compliance to 2114 
EN 50160 with regards to harmonics, flicker and negative sequence cannot be 2115 
ensured. 2116 

2) If island operation shall stop quickly, then the active power balance can be disturbed 2117 
by power system operator intervention. In Germany, feed-in management according to 2118 
Renewable Energy Sources Act (EEG §11) can be applied to reduce the supply of 2119 
active power, which causes the disintegration of the island. Alternatively, mechanical 2120 
switches within the islanding network may be opened and thereby divide the island into 2121 
smaller parts. Thus, maintaining a power balance is made more difficult.  2122 

3) A three-phase-ground-fault can also be provoked in the island when it is not possible 2123 
to initiate the measures above, e.g. because safety reasons demand a fast reaction. It 2124 
is best to simply close the earthing-switch at the feeder. This switch is not 2125 
dimensioned for short circuit currents; however short circuit power in the islanding 2126 
network should not be significantly higher than the cumulative feed-in power. Most 2127 
distributed generating units connected to MV and LV networks use inverters for feed -2128 
in, which usually do not contribute a short circuit current significantly higher than In. 2129 
There is still a remaining risk that the earthing-switch will be destroyed but in the first 2130 
instance and before any protection of property, human safety has to be ensured.  2131 
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Annex G 2132 

(normative) 2133 

 2134 

Abbreviations 2135 

CHP combined heat and power 

DFIG doubly fed induction generator 

DSO distribution system operator 

EHV extra high voltage 

EMC electromagnetic compatibility 

HV high voltage 

OVRT over voltage ride through 

IEV International Electrotechnical Vocabulary (IEC 60050) 

LV low voltage 

UVRT under voltage ride through 

MV medium voltage 

POC point of connection 

PV photovoltaic 

ROCOF rate of change of frequency 

THD total harmonic distortion 
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Annex H 2136 

(informative) 2137 

 2138 

Relationship between this European standard and the 2139 

COMMISSION REGULATION (EU) 2016/631 2140 

Generating plants compliant with the clauses of this European Standard are 2141 
considered to be compliant with the relevant Article of COMMISSION REGULATION 2142 
(EU) 2016/631, provided, that all settings as provided by the DSO and the 2143 
responsible party are complied with. 2144 

Table 11 – Correspondence between this European standard and the 2145 
COMMISSION REGULATION (EU) 2016/631 2146 

Article 
Clause(s) / subclause(s) 

of this EN 

13.1(a) 4.4.2 Operating frequency range 

13.1(b) 4.5.2 Rate of change of frequency (ROCOF) immunity 

13.2 4.6.1 Power response to overfrequency 

13.3 4.4.3 Minimal requirement for active power delivery at underfrequency 

13.4 4.4.3 Minimal requirement for active power delivery at underfrequency 

13.5 4.4.3 Minimal requirement for active power delivery at underfrequency 

13.6 4.11.1 Ceasing active power  

13.7 4.10 Connection and starting to generate electrical power 

14.1 4.4.2, 4.5.2, 4.6.1, 4.4.3, 4.11.1 and 4.10 

14.2(a) 4.11.2 Reduction of active power on set point 

14.2(b) 4.12 Remote information exchange 

14.3 4.5.3 Under-voltage ride through (UVRT) 

14.4. 4.10 Connection and starting to generate electrical power 

14.5(a) 4.6, 4.7, 4.9, 4.10, 4.11, 4.12 

14.5(b) 4.9 Interface protection, 

14.5(c) 4.1 General 

14.5(d) 4.12 Remote information exchange 

17.1 4. as applicable above 

17.2 4.7.2 Voltage support by reactive power 

17.3 4.5.3 Under-voltage ride through (UVRT) 

20.1 4. as applicable above 

20.2 (a) 4.7.2 Voltage support by reactive power 

20.2 (b) (c) 4.7.4.2 Short circuit current requirements on generating plants 

20.3 4.5.3 Under-voltage ride through (UVRT) 
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