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Foreword 134 

This Engineering Recommendation (EREC) is published by the Energy Networks Association 135 
(ENA) and comes into effect from date of publication. The approved abbreviated title of this 136 
Engineering Recommendation is “EREC P28”, which replaces the previously used 137 
abbreviation “ER P28”. 138 

Revision of this EREC has been prepared under the authority of the Grid Code and 139 
Distribution Code Review Panels of Great Britain – being a qualifying standard and licence 140 
standard under these respective codes. The review and subsequent revision of EREC P28 141 
has been overseen by the ENA P28 Working Group. Approval for publication has been 142 
granted by Ofgem. 143 

This EREC supersedes ENA Engineering Recommendation P28 Issue 1 1989. 144 

This EREC has been fully updated with reference to the United Kingdom implementation of 145 
the IEC 61000 series of Standards so far as they relate to voltage fluctuations and 146 
disturbance. 147 

Harmonic voltage distortion and voltage unbalance aspects associated with the connection of 148 
disturbing equipment to transmission systems and distribution networks are covered in ENA 149 
Engineering Recommendation G5 and Engineering Recommendation P29 respectively. 150 

This document constitutes a full technical revision of EREC P28 Issue 1. This issue [Issue 2] 151 
of EREC P28 has been extended to cover assessment and limits for rapid voltage changes 152 
(RVCs). 153 

This EREC is intended to be read as a standalone document; references to other 154 
publications are intended to direct users to additional supporting information that could be 155 
useful but not essential to understanding requirements. 156 

Engineering Report P28 [8] provides background, information and examples that support the 157 
requirements in this EREC. 158 

This EREC should be used by those who propose to connect disturbing equipment with the 159 
potential for voltage fluctuation, being flicker and/or RVC, to public electricity supply systems. 160 
The document should also be used by those who carry out assessments concerning the 161 
suitability of connecting such equipment to these systems. 162 

This document is not intended to replace or override requirements in BS EN 50160 for 163 
ensuring acceptable voltage quality. 164 

The terms ‘this Engineering Recommendation’ and ‘this EREC’ refer to Engineering 165 
Recommendation P28 Issue 2 2018, as amended. 166 

In this document, the term ‘shall’ relates to a statutory or mandatory requirement. The term 167 
‘should’ expresses a recommendation and the term ‘may’ indicates a permission. 168 

Commentary, explanation and general informative material is presented in smaller italic type, 169 
and does not constitute a normative element. 170 
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The term ‘system/network operator’ in this EREC is intended to apply to owners and 171 
operators of transmission systems and distribution networks, in so far as the requirements 172 
are applicable to their statutory and regulatory duties and responsibilities. 173 

The term ‘disturbing equipment’ is intended to refer to individual items of disturbing 174 
equipment, whereas the term ‘fluctuating installation’ is intended to refer to multiple items of 175 
disturbing equipment contained within an installation connected to the supply system. 176 

The convention used for cross-referencing clauses within this EREC is the omission of the 177 
term ‘clause’ before the clause number and the placing within parenthesis. For example: 178 
“(see 5.3)” denotes a cross-reference to Clause 5.3 in this document. 179 

Abbreviations used throughout this document are stated in ‘Terms and definitions’ (see 3). 180 

 181 
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Introduction 182 

Repetitive voltage fluctuations of sufficient frequency and/or magnitude in the supply system 183 
can cause the luminance of incandescent lamps, e.g. traditional tungsten filament light bulbs, 184 
to fluctuate with time. This creates an impression of unsteadiness of visual sensation in 185 
humans, who observe these fluctuations. This effect is known as flicker. If the flicker is of 186 
sufficient severity then this can be annoying to observers and can result in them complaining 187 
to the system/network operator. 188 

Fast changes in supply system voltages can result from energising/de-energising certain 189 
types of electrical equipment. These are known as rapid voltage changes (RVCs) which, if of 190 
sufficient magnitude, duration and frequency, can cause maloperation of and damage to 191 
equipment and similar annoyance, as flicker, to those that observe changes in luminance of 192 
electric lighting. The process for assessment of RVCs is described in Clause 5.3. 193 

EREC P28 was first published in 1989 to provide recommended planning limits for voltage 194 
fluctuations for connection of equipment to public electricity supply systems in the UK. Issue 195 
1 was primarily concerned with assessment of voltage fluctuations and associated flicker 196 
produced by traditional domestic, commercial and industrial loads. Since EREC P28 was first 197 
published, the factors affecting development of transmission systems and distribution 198 
networks, and equipment connected to them have changed significantly. There has been a 199 
shift towards connection of distributed/embedded generation equipment powered by 200 
renewable energies and other low carbon technology equipment. These types of modern 201 
equipment are capable of causing flicker. As such, the impact of connecting modern 202 
equipment has been reviewed and EREC P28 has been updated accordingly. 203 

Significant developments in Electromagnetic Compatibility (EMC) requirements have taken 204 
place, which are captured in the International Electrotechnical Commission (IEC) 61000 205 
series of Standards and technical reports. United Kingdom implementation of these 206 
Standards is captured in the various parts of BS EN 61000. Consequently, EREC P28 Issue 207 
2 has been revised in line with the requirements of these Standards, so far as they apply to 208 
the limitation of voltage fluctuations in public electricity supply systems and resultant flicker. 209 
Relevant considerations in IEC technical reports have been reviewed and, where 210 
appropriate, have been adopted. 211 

The flickermeter algorithm is based on the perceived visual effects from traditional 212 
incandescent light bulbs, which are being phased out and replaced by new technology lamps 213 
including: 214 

• halogen; 215 

• compact fluorescent lamps (CFL); 216 

• light emitting diodes (LED). 217 
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Whilst most new technology lamps are less sensitive to applied voltage fluctuations, some 218 
are more sensitive at higher frequencies [of voltage fluctuation] than the traditional 60 W 219 
incandescent lamp, which is the reference lamp for the flicker curve1. 220 

For example: some types of high pressure discharge lighting might produce marginally 221 
higher levels of flicker severity than tungsten filament lamps at higher frequencies of the 222 
voltage fluctuation spectrum, however operating experience over many years has not found 223 
this to be problematic. The requirements in this EREC will need to be kept under review 224 
given on-going developments in lighting technology. 225 

International Standards continue to use the existing flicker curve [Pst = 1 in Figure 2 of BS EN 226 
61000-3-3] for assessing the disturbance to lighting and all other equipment connected to 227 
public electricity supply systems caused by voltage fluctuation. The limits for voltage 228 
fluctuation in EREC P28 Issue 2 are compatible with the existing flicker curve. 229 

This EREC defines good engineering practice, which is applicable to the connection of 230 
customers’ disturbing equipment and fluctuating installations, with respect to limiting voltage 231 
fluctuations on transmission systems and distribution networks in the United Kingdom. 232 

The intention is that planning levels stated in this EREC will ensure emissions from new 233 
connections of customers’ disturbing equipment and fluctuating installations are sufficiently 234 
below immunity levels of equipment connected to the system so as not to cause 235 
unacceptable disturbance to other customers and system users. Disturbance includes the 236 
effect of voltage fluctuations on flicker severity and/or the capability of equipment connected 237 
to the system to function correctly. The planning levels in this document should not be 238 
considered as targets and all reasonable steps should be taken to minimise voltage 239 
fluctuations. 240 

A key principle in this EREC is that the visual discomfort due to light flicker is the most 241 
frequent reason to limit voltage changes due to fluctuating installations. Flicker, if particularly 242 
severe, can adversely affect the health of those people exposed. This is why minimising 243 
flicker, where possible, is important. System/network operators have to maintain the voltage 244 
magnitude within narrow limits and individual customers should not produce significant 245 
voltage fluctuations even if they are tolerable from a flicker perspective. 246 

A three-stage approach is presented for assessing the acceptability of the connection of 247 
proposed disturbing equipment and/or fluctuating installations, in terms of flicker, to supply 248 
systems. 249 

a) Stage 1 250 

The intention is that individual equipment that conforms to relevant product standards can be 251 
connected to the system without further assessment under Stage 1 (see 6.3.2). 252 

  253 

————————— 
1 The term ‘flicker curve’ relates to the curve for Pst = 1 for rectangular equidistant voltage changes as illustrated 

in Figure 2 of BS EN 61000-3-3. The flicker curve is used to determine the amplitude of rectangular voltage 
changes that correspond to a flicker severity of Pst = 1 for a particular rate of repetition. 
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b) Stage 2 254 

Disturbing equipment that does not conform to Stage 1 requirements but conforms to limits 255 
and requirements in Stage 2 can be connected without detailed assessment or consideration 256 
of flicker background level (see 6.3.3). 257 

c) Stage 3 258 

All other disturbing equipment that does not conform to limits and requirements in Stage 2 259 
will need detailed assessment against Stage 3 limits and requirements before it can be 260 
connected (see 6.3.4). 261 

The characteristic of flicker means disturbances from independent sources are not directly 262 
additive. In practice, additional disturbing equipment/fluctuating installations can generally be 263 
connected to the electricity supply system even when the existing flicker background level is 264 
approaching the planning level2. The coincidence of RVCs from independent sources is 265 
considered to present a low enough probability that no summation laws are taken into 266 
account when assessing RVCs. Whilst it is recognised that particular network designs could 267 
result in coincident RVCs under certain circumstances, e.g. restoration of systems/networks 268 
following a G59 trip event, conformance to the limits in this EREC is still required. 269 

Therefore, flicker from disturbing equipment/fluctuating installations should not be 270 
unnecessarily constrained by system/network operators, to allow for future unspecified 271 
emissions, subject to good engineering practice being followed in the design and installation 272 
of disturbing equipment. 273 

If disturbing equipment fails to meet the stage limits following assessment, in exceptional 274 
circumstances the system operator or network operator may permit the connection of 275 
disturbing equipment even though flicker levels are likely to exceed planning levels. The final 276 
decision as to whether or not disturbing equipment exceeding the limits in this EREC may be 277 
connected to the public electricity supply system is at the discretion of the relevant 278 
system/network operator – subject to any other recourse that could be available to 279 
customers3. 280 

1 Scope 281 

This EREC defines planning levels and compatibility levels for the assessment of voltage 282 
fluctuations from customer disturbing equipment and fluctuating installations to be connected 283 
to transmission systems and distribution networks in the United Kingdom. 284 

This EREC only applies to the proposed connection of customer disturbing equipment and 285 
fluctuating installations. It is not intended to apply to the connection of equipment or 286 
installations operated by licensed distribution network operators or licensed transmission 287 
system operators. 288 

————————— 
2 A review of flicker background levels in the UK public electricity supply system has not found any evidence to 

support apportioning of remaining capacity to prevent planning levels being exceeded in future. See ENA 
Engineering Report P28 [8]. 

3 Such as Regulation 26 of The Electricity Safety, Quality & Continuity Regulations 2002 [6] (as amended) for GB 
and Regulation 27 The Electricity Safety, Quality and Continuity Regulations (Northern Ireland) 2012 [7] (as 
amended) for Northern Ireland. 
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The scope of voltage fluctuations in this EREC applies to flicker or RVCs emitted onto the 289 
public electricity supply system by customer equipment, i.e. customer owned demand, 290 
generation, energy storage4, or other types of disturbing equipment that may be connected. 291 

This EREC is not intended to be applied retrospectively to existing connections that have 292 
been previously assessed under Issue 1 of EREC P28.  293 

However, it is intended to be applied in the event of any change(s) to existing customer 294 
disturbing equipment/fluctuating installations that affect voltage fluctuation and to new 295 
connections. 296 

This EREC neither replaces nor negates the United Kingdom implementation of EMC 297 
Standards, including relevant harmonised equipment Standards that are applicable to 298 
particular equipment, under the terms of the Electromagnetic Compatibility Regulations 2016 299 
[1]. The intention is to assist customers to meet their obligations under these Regulations 300 
and to prevent interference. 301 

The provisions in this EREC only apply to voltage fluctuations and connection of disturbing 302 
equipment. Other criteria, not stated in this document, apply to meeting current ratings, 303 
statutory voltage limits, harmonic distortion limits etc. such that, even if voltage fluctuation 304 
aspects are satisfied, the connection of disturbing equipment will be conditional on meeting 305 
other criteria. 306 

Specific aspects not considered in this EREC include radiated interference, which might 307 
affect communications systems, and specific methods for mitigation of disturbances. 308 

2 Normative references 309 

The following referenced documents, in whole or part, are indispensable for the application of 310 
this document. For dated references, only the edition cited applies. For undated references, 311 
the latest edition of the referenced document (including any amendments) applies. 312 

Standards publications 313 

IEC 60050, International Electrotechnical Vocabulary 314 

IEC TR 61000-2-1, Electromagnetic compatibility (EMC) - Part 2: Environment - Section 1: 315 
Description of the environment - Electromagnetic environment for low-frequency conducted 316 
disturbances and signalling in public power supply systems 317 

IEC 61851-21-1, Electric vehicle conductive charging system - Part 21-1: Electric vehicle on-318 
board charger EMC requirements for conductive connection to an AC/DC supply 319 

BS EN 61000-2-2, Electromagnetic compatibility (EMC). Environment. Compatibility levels 320 
for low-frequency conducted disturbances and signalling in public low-voltage power supply 321 
systems 322 

————————— 
4 Energy storage installations can operate flexibly as load or generation. 
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BS EN 61000-3-3, Electromagnetic compatibility (EMC). Limits. Limitation of voltage 323 
changes, voltage fluctuations and flicker in public low-voltage supply systems, for equipment 324 
with rated current ≤ 16 A per phase and not subject to conditional connection 325 

BS EN 61000-3-11, Electromagnetic compatibility (EMC). Limits. Limitation of voltage 326 
changes, voltage fluctuations and flicker in public low-voltage supply systems. Equipment 327 
with rated voltage current ≤ 75 A and subject to conditional connection 328 

BS EN 61000-4-15, Electromagnetic compatibility (EMC). Testing and measurement 329 
techniques. Flickermeter. Functional and design specifications 330 

BS EN 61000-6-3, Electromagnetic compatibility (EMC). Generic standards. Emission 331 
standard for residential, commercial and light-industrial environments 332 

BS EN 61000-6-4, Electromagnetic compatibility (EMC). Generic standards. Emission 333 
standard for industrial environments 334 

BS EN 61000-4-30, Electromagnetic compatibility (EMC). Testing and measurement 335 
techniques. Power quality measurement methods 336 

BS EN 61400-21, Wind turbines. Measurement and assessment of power quality 337 
characteristics of grid connected wind turbines 338 

BS 7671:2008+A3:2015, Requirements for Electrical Installations. IET Wiring Regulations 339 

 340 

Other publications 341 

[N1] ENA Engineering Recommendation G83, Recommendations for the connection of type 342 
tested small-scale embedded generators (up to 16 A per phase) in parallel with low-voltage 343 
distribution systems 344 

3 Terms and definitions 345 

For the purposes of this document, the following terms and definitions apply. 346 

3.1 347 
compatibility level 348 
specified electromagnetic disturbance level used as a reference level in a specified 349 
environment for coordination in the setting of emission and immunity limits 350 

NOTE: By convention, the compatibility level is chosen so that there is only a small probability, for example 5%, 351 
that it will be exceeded by the actual disturbance level. 352 

[Equivalent to definition in Clause 3.6 of PD IEC/TR 61000-3-7:2008] 353 

3.2 354 
conditional connection 355 
connection of equipment requiring the customer’s supply at the connection point to have an 356 
impedance lower than the reference impedance Zref in order that the equipment emissions 357 
conform to the limits in BS EN 61000-3-3 358 
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NOTE 1: Meeting the voltage change limits might not be the only condition for connection; emission limits for 359 
other phenomena such as harmonics, might also have to be satisfied. 360 

NOTE 2: The symbol Zref relates to the reference impedance referred to in BS EN 61000-3-3 and BS EN 61000-3-361 
11. 362 

3.3 363 
customer 364 
entity who is or is entitled to either supply or be supplied with electricity at any premises 365 
within the United Kingdom excepting the licensed transmission system operator or licensed 366 
network operator 367 
 368 
NOTE 1: The definition of “customer” broadly aligns with the GB Distribution Code [2] but includes customer own 369 
generation by virtue of: “…to either supply or be supplied electricity…”. 370 

3.4 371 
distribution network 372 
part of a public electricity supply system that requires the owner or operator to hold a 373 
Distribution Licence in the United Kingdom 374 

3.5 375 
disturbance 376 
electromagnetic phenomenon which, by being present in the electromagnetic environment, 377 
can cause electrical equipment to depart from its intended performance 378 

3.6 379 
disturbing equipment 380 
equipment that when connected to the public electricity supply system has the potential to 381 
cause disturbance from voltage fluctuations 382 

3.7 383 
electricity supply system 384 
lines, switchgear and transformers operating at various voltages which make up the 385 
transmission systems and distribution networks to which customers’ installations are 386 
connected 387 

NOTE 1: Sometimes abbreviated to “supply system” or “system”. 388 

NOTE 2: When preceded by the term “public”, the wider use of the system is intended. 389 

3.8 390 
electromagnetic compatibility (EMC) 391 
ability of equipment or a system to function satisfactorily in its electromagnetic environment 392 
without introducing intolerable electromagnetic disturbances to anything in that environment 393 

NOTE 1: Electromagnetic compatibility is a condition of the electromagnetic environment such that, for every 394 
phenomenon, the disturbance emission level is sufficiently low and immunity levels are sufficiently high so that all 395 
devices, equipment and systems operate as intended. 396 

NOTE 2: Electromagnetic compatibility is achieved only if emission and immunity levels are controlled such that 397 
the immunity levels of the devices, equipment and systems at any location are not exceeded by the disturbance 398 
level at that location resulting from the cumulative emissions of all sources and other factors such as circuit 399 
impedances. Conventionally, compatibility is said to exist if the probability of the departure from intended 400 
performance is sufficiently low. See Clause 4 of BS EN 61000-2-1. 401 

NOTE 3: Where the context requires it, compatibility could be understood to refer to a single disturbance or class 402 
of disturbances. 403 
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NOTE 4 Electromagnetic compatibility is a term used also to describe the field of study of the adverse 404 
electromagnetic effects which devices, equipment and systems undergo from each other or from electromagnetic 405 
phenomena. 406 

3.9 407 
emission 408 
source of electromagnetic disturbance 409 

3.10 410 
emission level 411 
level of a given electromagnetic disturbance emitted from a particular device, equipment, 412 
system or fluctuating installation as a whole, assessed and measured in a specified manner 413 

3.11 414 
emission limit 415 
maximum emission level specified for a particular device, equipment, system or disturbing 416 
installation as a whole 417 

3.12 418 
ENA 419 
Energy Networks Association 420 

NOTE: ENA have responsibility for the review, publication and maintenance of EREC P28. 421 

3.13 422 
equipment 423 
single apparatus or set of devices or apparatuses, or the set of main devices of an 424 
installation, or all devices necessary to perform a specific task 425 

3.14 426 
EREC 427 
Engineering Recommendation 428 

3.15 429 
flicker 430 
impression of unsteadiness of visual sensation induced by a light stimulus whose luminance 431 
or spectral distribution fluctuates with time 432 

NOTE: Flicker is the effect on certain types of electric lamps, in particular incandescent lamps, while the 433 
electromagnetic phenomenon causing it is referred as voltage fluctuations. 434 

[Equivalent to definition in Clause 3.6 of PD IEC/TR 61000-3-10:2008]. 435 

3.16 436 
fluctuating installation 437 
electrical installation as a whole, i.e. including disturbing equipment and non-disturbing 438 
equipment, which is characterized by repeated or sudden power fluctuations, or start-up or 439 
inrush currents which can produce flicker or rapid voltage changes on the electricity supply 440 
system to which it is connected 441 

3.17 442 
fundamental frequency 443 
frequency in the spectrum obtained from a Fourier transform of a time function, to which all 444 
the frequencies of the spectrum are referred. 445 
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NOTE: For the purpose of this EREC, the fundamental frequency is the same as the power supply frequency. 446 

[Same as definition in PD IEC/TR 61000-3-7:2008]. 447 

3.18 448 
high voltage (HV) 449 
voltage exceeding 1 kV 450 

NOTE: Equivalent to definition in the GB Distribution Code [2]. 451 

3.19 452 
IEC 453 
International Electrotechnical Commission 454 

3.20 455 
immunity level 456 
maximum level of a given electromagnetic disturbance on a particular device, equipment or 457 
system for which it remains capable of operating with a declared degree of performance 458 

3.21 459 
interference 460 
overlap of system disturbance levels and equipment immunity levels resulting in unwanted 461 
effects such as visual discomfort, degradation or maloperation of equipment 462 

3.22 463 
long-term flicker severity (Plt) 464 
measure of the visual severity of flicker for a specified period derived from the summation of 465 
Pst values in accordance with the general formula stated in Clause 4 of PD IEC/TR 61000-3-7 466 

NOTE: A 2 h period is specified in this EREC. 467 

3.23 468 
low voltage (LV) 469 
in relation to alternating current, a voltage exceeding 50 V but not exceeding 1 kV 470 

NOTE: Equivalent to definition in the GB Distribution Code [2]. 471 

3.24 472 
network operator 473 
owner or operator of a distribution network 474 

NOTE: The term ‘network operator’ primarily applies to licensed Distribution Network Operators (DNOs) and 475 
Independent DNOs in the United Kingdom. 476 

3.25 477 
normal operating conditions 478 
variation of generation/demand, the energisation/de-energisation of plant and equipment as 479 
a consequence of temporal, seasonal and operational variability, including credible outages, 480 
under which the supply system is designed to operate 481 

NOTE: See Clause 6.1.6. 482 
  483 
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3.26 484 
planning level 485 
level of a particular disturbance in a particular environment, adopted as a reference value for 486 
the limits to be set for the emissions from the installations in a particular system, in order to 487 
coordinate those limits with all the limits adopted for equipment and installations intended to 488 
be connected to the electricity supply system 489 

[Equivalent to definition in Clause 3.19 of PD IEC/TR 61000-3-7:2008] 490 

3.27 491 
point of common coupling (PCC) 492 
point in the public electricity supply system which is electrically closest to the installation 493 
concerned and to which other customers are or might be connected 494 

NOTE: The PCC is generally upstream from the installation concerned. 495 

3.28 496 
protective multiple earthing (PME) 497 
TN-C-S LV supply system 498 

NOTE: The term ‘TN-C-S’ is defined in BS 7671. 499 

3.29 500 
rapid voltage change (RVC) 501 
change in root mean square (r.m.s.) voltage over several cycles 502 

NOTE 1: Rapid voltage changes can also be in the form of cyclic changes. 503 

NOTE 2: See Clause 5.2. 504 

[Similar to definition in PD IEC/TR 61000-3-7:2008]. 505 

3.30 506 
service current capacity 507 
the current per phase which can be taken continuously by the customer at their supply 508 
terminals without exceeding the plant ratings used by the system/network operator in the 509 
design of its system 510 

NOTE: Each part of the LV service equipment that provides the customer connection has a rating, i.e. service 511 
cable, cut-out, meter and meter tails. The environment that service equipment is located within affects this rating. 512 
In the case of a looped service, the rating is also determined by the service equipment at the adjacent premise(s). 513 
Whichever part of the service equipment has the lowest rating defines the service current capacity. It is necessary 514 
to consult the network operator to establish the service current capacity. In cases where the network operator 515 
declares supply capacities in volt-amperes, the current per phase can be deduced for: single-phase supplies by 516 
dividing the volt-amperes by the declared phase-neutral voltage, and three-phase supplies by dividing the volt-517 
amperes by √3 multiplied by the declared phase-phase voltage. 518 

3.31 519 
short-term flicker severity (Pst) 520 
measure of the visual severity of flicker derived from the time series output of a flickermeter 521 
over a 10-minute period 522 

NOTE 1:  Pst provides an indication of the risk of customer complaints arising from voltage fluctuations. 523 

NOTE 2: Pst = 1 for any point on the curve in Figure 2 of BS EN 61000-3-3 (replicated in Annex B) for repetitive 524 
and periodic step voltage changes in the form of a square waveform.  525 
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NOTE 3: The term ‘flickermeter’ refers to apparatus for measuring flicker conforming to the requirements of BS 526 
EN 61000-4-15. 527 

3.32 528 
step voltage change 529 
change from the initial voltage level to the resulting voltage level after all generating unit 530 
automatic voltage regulator (AVR) and static VAR compensator (SVC) actions and transient 531 
decay (typically 5 seconds after the fault clearance or system switching) have taken place, 532 
but before any other automatic or manual tap-changing and switching actions have 533 
commenced 534 

NOTE 1: Automatic voltage regulator also applies to other similar fast acting voltage control responses, e.g. 535 
associated with power park modules, HVDC voltage control responses. 536 

NOTE 2: For the purposes of this EREC, percentage step voltage change is the value of step voltage change in 537 
volts expressed as percentage change of the nominal system voltage (Vn). 538 

NOTE 3: Step voltage change can be equivalent to the steady state voltage change (ΔVsteadystate) (see 4.6). 539 

NOTE 4: By virtue of this definition, a ramped voltage change can be a form of step voltage change and subject to 540 
the limit in Clause 5.4. 541 

NOTE 5: Step voltage changes can occur as a result of switching on the system, a fault or operation of disturbing 542 
equipment that produces an instantaneous change in steady state voltage. 543 

[Similar to definition in DPC4.2.3.3 of the GB Distribution Code [2]]. 544 

3.33 545 
system operator 546 
owner or operator of a transmission system 547 

3.34 548 
transfer coefficient 549 
relative level of disturbance that can be transferred between two busbars or two parts of an 550 
electricity supply system for various operating conditions 551 

NOTE: Identical to Clause 3.28 of PD IEC/TR 61000-3-7. 552 

3.35 553 
transmission system 554 
part of a public electricity supply system that requires the owner or operator to hold a 555 
Transmission Licence in the United Kingdom 556 

3.36 557 
voltage change 558 
single variation of the r.m.s. value or the peak value of the supply voltage unspecified with 559 
respect to form and duration 560 

3.37 561 
voltage dip 562 
temporary reduction of the r.m.s. voltage at a point in the electricity supply system below a 563 
specified start threshold 564 

NOTE: Identical to Clause 3.23 of BS EN 50160: 2010+A1: 2015. 565 
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3.38 566 
voltage fluctuation 567 
series of voltage changes that can be regular or irregular 568 

NOTE: Types of voltage fluctuation include: repetitive voltage change associated with flicker, rapid voltage 569 
change, step voltage change, etc. 570 

 571 

3.39 572 
voltage swell 573 
temporary increase of the r.m.s. voltage at a point in the electricity supply system above a 574 
specified start threshold 575 

NOTE: Identical to Clause 3.23 of BS EN 50160: 2010+A1: 2015. 576 

3.40 577 
worst case normal operating condition 578 
the condition that results in the maximum short-circuit impedance when measured at the 579 
PCC for the various normal operating conditions considered 580 

 581 

4 Basic EMC concepts related to voltage fluctuations 582 

4.1 General 583 

Fluctuations in the supply system voltage can result in excessive flicker and can adversely 584 
affect the performance, or even damage, electrical equipment. This can result in complaints 585 
from customers to the system/network operator. 586 

To minimise the risk of equipment damage and complaints it is necessary to ensure that: 587 

a) customer installations and associated equipment have a level of immunity to voltage 588 
fluctuations; and 589 

b) the magnitude and frequency of voltage fluctuations in the supply system do not exceed 590 
recommended compatibility and/or planning levels. 591 

EMC is achieved when the supply system disturbance level/emission level is sufficiently low 592 
and the equipment immunity level is sufficiently high to prevent interference. 593 

System operators/network operators are responsible for overall coordination of permitted 594 
voltage fluctuations to ensure EMC in the supply system. Consequently, this EREC 595 
recommends: 596 

a) planning levels for assessing disturbances and emissions from customer disturbing 597 
equipment and fluctuating installations to be connected to public electricity supply 598 
systems; 599 

b) emission limits for customers’ disturbing equipment and fluctuating installations that are 600 
or are proposed to be connected to public electricity supply systems. 601 

Compatibility levels for LV public electricity supply systems in the UK are defined in BS EN 602 
61000-2-2. 603 
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Equipment immunity levels are specified in relevant Standards5 or agreed upon between 604 
equipment manufacturers and customers; as such no recommendations are made in this 605 
document. 606 

4.2 Compatibility levels 607 

Compatibility levels are the reference level in the supply system for setting of emission and 608 
immunity limits to ensure the EMC in the whole system (including system and connected 609 
equipment). 610 

Compatibility levels are specified for entire supply systems so that there is only a small 611 
probability, typically 5%6, that actual disturbance levels in the entire system will exceed the 612 
specified compatibility level. Similarly, there is only a small probability that actual equipment 613 
immunity levels will be below the compatibility level. 614 

Compatibility levels for representative transmission systems and distribution networks in the 615 
UK are specified in Clause 5. 616 

4.3 Planning levels 617 

Planning levels are used for determining emission limits for individual fluctuating installations 618 
and take into consideration emissions from other fluctuating installations, i.e. flicker 619 
background levels. 620 

Planning levels are specified at each system voltage level and allow coordination of voltage 621 
fluctuations between voltage levels7. 622 

Planning levels for different voltage levels in transmission systems and distribution networks 623 
in the UK are specified in Clause 5. 624 

The nature of planning levels means that voltage fluctuations in parts of the electricity supply 625 
system could be higher than these levels. 626 

4.4 Emission limits 627 

Emission limits are maximum emission levels determined for either particular disturbing 628 
equipment or fluctuating installations that need to be met as a whole. Emission limits for 629 
disturbing equipment connected to LV public electricity supply systems are defined in the BS 630 
EN 61000 series of product standards. Emission limits that need to be met as a whole are 631 
determined from planning levels specified for the system concerned. 632 

Emission levels are assessed against specified emission limits at a defined point (see 6.1.2). 633 
The intention is that under normal operating conditions emission levels do not exceed 634 
emission limits at any time. 635 

————————— 
5 Immunity levels for products and equipment are specified in individual product standards or in BS EN 61000 

Part 3 Standards insofar as they do not fall under the responsibility of product committees. 

6 5% is a typical probability value, which may differ in real supply systems. 

7 Different planning levels are necessary to take into account transfer of flicker from higher to lower voltage 
systems/networks. 
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Emission limits are specified in accordance with the approach in Clause 6 for assessing the 636 
connection of disturbing equipment and fluctuating installations to transmission systems and 637 
distribution networks. 638 

4.5 Illustration of EMC concepts 639 

Figure 1 and Figure 28 illustrate the concept of compatibility levels, planning levels and 640 
emission limits and how EMC, relating to voltage fluctuations in the supply system, is 641 
achieved. 642 

Figure 1 shows how EMC is achieved on a supply system wide basis. 643 

 644 

Figure 1 — Illustration of EMC concepts relevant to system 645 

Figure 1 shows that there is a chance that interference might occur at certain times or certain 646 
locations in the system. This is recognition that the system operator/network operator cannot 647 
control all points of the system at all times. 648 

————————— 
8 Figure 1 and Figure 2 are reproduced from PD IEC/TR 61000-3-7. 
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 649 

Figure 2 — Illustration of EMC concepts relevant to local site 650 

Figure 2 shows conceptually that, on a local site basis, specifying suitable planning levels 651 
should ensure there is no overlap of disturbance and immunity levels. 652 

4.6 Flicker 653 

Flicker is the result of repetitive voltage fluctuations, caused by disturbing equipment, in the 654 
supply system, which can be observed by changes in luminance of incandescent lamps. 655 

The severity of flicker is dependent upon the magnitude and the frequency of the voltage 656 
fluctuations. High powered process type equipment which does not have a steady power 657 
demand and can draw frequently changing current is typically associated with flicker related 658 
voltage fluctuations. 659 

The severity of flicker is quantified using flicker severity levels, Pst and Plt, where Pst is the 660 
short-term flicker severity measured over a 10-minute interval and Plt is long-term flicker 661 
severity measured over a 2-hour interval, typically. Values of Pst and Plt are determined from 662 
voltage fluctuation data using a flickermeter algorithm which conforms to the requirements of 663 
BS EN 61000-4-15 (see 6.3.1). 664 

4.7 Rapid Voltage Change (RVC) 665 

RVC is a fast change in the r.m.s.9 voltage between two steady state voltage conditions. 666 

RVCs are generally caused by equipment start-up and shutdown including: 667 

• motor starting/stopping; 668 

————————— 
9 RMS is measured over one cycle refreshed every half-cycle in accordance with the method in BS EN 61000-4-

30. 
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• energising transformers; 669 

• switching capacitors/inductors, e.g. capacitor banks and reactors; 670 

• switching in/out of large electrical loads; 671 

• tap-changer operation; 672 

• tripping of load/generation. 673 
 674 
RVCs generally relate to infrequent or very infrequent events that can occur randomly on the 675 
system/network or events that need to be separated by time periods, which exceed the 676 
minimum intervals stated in this EREC. 677 

The characteristics of a voltage dip and a voltage swell are shown in Figure 3 and Figure 4 678 
respectively. 679 

Limits for RVCs are shown in Table 4. 680 

 681 

  682 

Figure 3 — Illustration of RVC characteristic for voltage dip 683 

 684 
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  685 

Figure 4 — Illustration of RVC characteristic for voltage swell 686 

Where: 687 

tRVC is the time duration of the RVC between steady state conditions 688 
Vmax  is the maximum voltage magnitude between two steady state voltage 689 

 conditions 690 
V0  is the initial steady state voltage prior to the RVC 691 

V0’  is the final steady state voltage after the RVC 692 

Vsteadystate   is the voltage at the end of a period of 1 s during which the rate of 693 
 change of system voltage over time is ≤ 0.5%. 694 

ΔVmax  is the absolute value of the maximum change in the system voltage 695 
 (Vmax) relative to V0 696 

ΔVsteadystate is the difference in voltage between the initial steady state voltage prior 697 
 to  the RVC (V0) and the final steady state voltage after the RVC (V0’) 698 

%ΔVmax  = 100 × ∆Vmax
Vn

 699 

%ΔVsteadystate  = 100 × ∆Vsteadystate

Vn  700 

Vn is the nominal system voltage 701 

All voltages are the r.m.s. voltage measured over one cycle refreshed every half cycle in 702 
accordance with BS EN 61000-4-30. 703 

For RVCs, ΔVsteadystate equates to the value of step voltage change. 704 
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5 Compatibility levels, planning level and emission limits 705 

5.1 General 706 

Separate compatibility levels, planning levels and emission limits apply to different types of 707 
voltage fluctuations, i.e. flicker and RVC. Levels/limits for flicker and RVC are stated in 708 
Clause 5.2 and 5.3 respectively. Limits for step voltage change are stated in Clause 5.4. 709 

5.2 Flicker 710 

5.2.1 Compatibility levels 711 

The following compatibility levels for flicker in Table 1 are specified for LV supply systems10. 712 

Table 1 — Compatibility levels for flicker in LV supply systems 713 

Compatibility level 

Pst Plt 

1.0 0.8 

 714 
Compatibility levels are such that there is a 5% probability that measured disturbance in the 715 
wider area system could exceed the specified levels based on a statistical distribution of 716 
measurements varying in both time and location [on the supply system]. 717 

The magnitude of any frequently occurring voltage change should not exceed the limits of the 718 
voltage characteristic shown in Figure 5, other than for RVCs (see 4.6)11. 719 

Compatibility levels should only be used for evaluating system-wide disturbance by 720 
system/network operators; planning levels should be used for evaluating the acceptability of 721 
disturbance levels at a local site or specific location. 722 

5.2.2 Planning levels 723 

Planning levels for distribution networks and transmission systems in the United Kingdom are 724 
dependent upon the nominal voltage of the system. 725 

Planning levels for flicker are specified in Table 2. 726 

Planning levels specified in Table 2 should be used to derive flicker limits for disturbing 727 
equipment and fluctuating installations according to the staged approach outlined in Clause 728 
6.3. In principle, disturbing equipment and fluctuating installations that do not meet the 729 
criteria for unconditional connection under Stage 1 are required to meet the flicker limit 730 
allocated under the Stage 2 assessment. Under special circumstances, remaining headroom 731 
may be allocated to the customer, on a ‘first come first served’ basis, under the Stage 3 732 
assessment process for flicker (see 6.3.1). 733 

————————— 
10 Compatibility levels for supply systems with nominal voltages greater than LV are not currently specified. 

11 When measured at the PCC (see 6.1.2). 
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The planning levels in Table 2 are absolute values and should not be exceeded given the 734 
real risk of customer complaints occurring. 735 

The planning levels in Table 2 allow for coordination of voltage fluctuations based on typical 736 
transfer coefficients for flicker that have been determined for transmission systems and 737 
distribution networks in the United Kingdom such that the likelihood of visual nuisance to LV 738 
customers is minimised. In some non-typical parts of a network12, specific consideration may 739 
be required to ensure that flicker at higher voltage levels are co-ordinated to prevent 740 
interference. 741 

 742 
Table 2 — Planning levels for flicker 743 

Supply system 
Nominal voltage 

Planning level 

 Pst Plt 

LV 1.0 0.8 

3.3 kV, 6.6 kV, 11 kV, 20 kV, 33 kV 0.9 0.7 

66 kV, 110 kV, 132 kV, 150 kV, 200 
kV, 220 kV, 275 kV, 400 kV 

0.8 0.6 

NOTE 1: Planning levels for LV connections are equal to compatibility levels. 

NOTE 2: The magnitude of Pst is linear with respect to the magnitude of the voltage changes giving rise to it. 

NOTE 3: Extreme caution is advised in allowing any excursions of Pst and Plt above the planning level. 

 744 
Table 3 — Typical transfer coefficients 745 

System voltage level TPst  TPlt 1 

400/275 kV to 132/110 kV  0.85 

400/275 kV to 66 kV 0.85 

400/275 kV to 33/22 kV 0.80 

400/275 kV to 20/11/6.6 kV 0.70 

132/110 kV to 66 kV 0.95 

132/110 kV to 33/22 kV  0.90 

132/110 kV to 20/11/6.6 kV 0.75 

66 kV to 33/22 kV 0.95 

66 kV to 20/11/6.6 kV 0.90 

33/22 kV to 20/11/6/6 kV 0.90 

11 kV to LV 1.0 

 

————————— 
12 For example: Where there are higher than standard impedances between voltage levels, or particularly weak 

supply systems/networks with long feeders and limited current capacities, which could have higher transfer 
coefficients. 
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NOTE 1: Transfer coefficients are typical of those measured in UK transmission systems / distribution 
networks. 

NOTE 2: The transfer coefficients are based on the results of data and modelling by National Grid for the GB 
supply system. 

NOTE 3: Transfer coefficients equally apply to assessment of RVC as well as flicker. 

1 The transfer coefficients apply to both Pst and Plt. 

 746 
The typical transfer coefficients in Table 3 should be used unless specific flicker propagation 747 
data exists (see 7.2.2). 748 

In the absence of specific flicker propagation data or where flicker at the PCC needs to be 749 
specifically assessed, it should be assumed that flicker is not transferred from lower voltage 750 
systems to higher voltage systems due to the associated increase in short-circuit power. 751 

5.2.3 Emission limits 752 

Emission limits from a fluctuating installation should be such so as to ensure planning levels 753 
at the PCC (see 6.1.2) are not exceeded taking into account flicker background levels. 754 

5.3 Rapid voltage changes 755 

5.3.1 Compatibility levels 756 

Compatibility levels for RVC are common across transmission systems and distribution 757 
networks in the United Kingdom irrespective of the nominal voltage of the system. 758 

Compatibility levels for RVC are the same as the planning levels specified in Table 413. 759 

RVCs emanating from fluctuating installations that are thought likely to be coincident should 760 
be specifically assessed to ensure that the combined effect will not result in RVCs exceeding 761 
the compatibility level. 762 

5.3.2 Planning levels 763 

Planning levels for RVC are specified in Table 4. 764 

The planning levels in Table 4 define absolute limits of maximum voltage change (ΔVmax) and 765 
steady state voltage change (∆Vsteadystate) for RVCs according to the maximum number of 766 
occurrences permitted within a specified time period. 767 

These planning levels take into account the need to minimise disturbance to other customers 768 
connected to the system, associated with RVCs, whilst recognising that the visual 769 
disturbance caused by RVCs is not as severe or frequent as for flicker. The planning levels in 770 
Table 4 have been determined so as to avoid maloperation of electrical equipment 771 
connected to the system at the maximum voltage change permitted for RVCs. 772 

————————— 
13 The assumption being that, in practice, there is no coincidence between RVCs in transmission systems or 

distribution networks. 
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Table 4 — Planning levels for RVC 773 

774 Cat-
egory Title Maximum number of 

occurrence 
Limits 

%∆Vmax & %∆Vsteadystate Example Applicability 

1 Frequent 
events (see NOTE 1) As per Figure 5 Any single or repetitive RVC 

that falls inside Figure 5 

2 Infrequent 
events 

4 events in 1 calendar 
month 
(see NOTE 2) 

As per Figure 6 

│%∆Vsteadystate │≤ 3% 

For decrease in voltage: 

│%∆Vmax │≤ 10% 
(see NOTE 3) 

For increase in voltage: 

│%∆Vmax │≤ 6% 
(see NOTE 4) 

Infrequent motor starting, 
transformer energisation, 
G59 [4] re-energisation 

(see NOTE 7) 

3 
Very 
infrequent 
events 

1 event in 3 calendar 
months 
(see NOTE 2) 

As per Figure 7 

│%∆Vsteadystate │≤ 3% 

For decrease in voltage: 

│%∆Vmax │≤ 12% 
(see NOTE 5)

 

For increase in voltage:  

│%∆Vmax │≤ 6% 
(see NOTE 6) 

Commissioning, maintenance 
& post fault switching 

(see NOTE 7) 
 
 
 
 
 
 

NOTE 1:  ±6% is permissible for 100 ms reduced to ±3% thereafter as per Figure 5. 
 If the profile of repetitive voltage change(s) falls within the envelope given in Figure 5, the assessment of 
 such voltage change(s) shall be undertaken according to the recommendations for assessment of flicker 
 and shall conform to the planning levels provided for flicker. 
 If any part of the voltage change(s) falls outside the envelope given in Figure 5, the assessment of such 
 voltage changes, repetitive or not, shall be done according to the guidance and limits for RVCs. 

NOTE 2: No more than 1 event is permitted per day, consisting of up to 4 RVCs, each separated by at least 10 
 minutes with all switching completed within a two-hour window. 

NOTE 3:  −10% is permissible for 100 ms reduced to -6% until 2 s then reduced to -3% thereafter as per Figure 6. 

NOTE 4:  +6% is permissible for 0.8 s from the instant the event begins then reduced to +3% thereafter as per Figure 
 6. 

NOTE 5:  −12% is permissible for 100 ms reduced to −10% until 2 s then reduced to -3% thereafter as per 
 Figure 7. 

NOTE 6:  +6% is permissible for 0.8 s from the instant the event begins then reduced to +3% thereafter as per Figure 
 7. 

NOTE 7: These are examples only. Customers may opt to conform to the limits of another category providing the 
 frequency of occurrence does not exceed the ‘Maximum frequency of occurrence’ for the chosen category. 
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Where: 775 

a) %∆Vsteadystate = 100× ∆Vsteadystate

Vn
 and  776 

%∆Vmax = 100× ∆Vmax
Vn

 777 

b) Vn is the nominal system voltage. 778 

c) Vsteadystate is the voltage at the end of a period of 1 s during which the rate of change of 779 
system voltage over time is ≤ 0.5%. 780 

d) ∆Vsteadystate is the difference in voltage between the initial steady state voltage prior to the 781 
RVC (V0) and the final steady state voltage after the RVC (V0’). 782 

e) ∆Vmax is the absolute change in the system voltage relative to the initial steady state 783 
system voltage (V0). 784 

f) All voltages are the r.m.s. of the voltage measured over one cycle refreshed every half a 785 
cycle as per BS EN 61000-4-30. 786 

g) The applications in the ‘Example Applicability’ column are examples only and are not 787 
definitive. 788 

The limits for RVCs in Category 2 and Category 3 of Table 4 take into account differences in 789 
the perceptibility of RVC compared with flicker associated with continuously fluctuating loads. 790 
As such, conformance to flicker limits in Clause 5.1, although desirable, is not a requirement 791 
for RVCs in Category 2 and Category 3. 792 

The voltage change limit is the absolute maximum allowed of either the phase-to-earth 793 
voltage change or the phase-to-phase voltage change, whichever is the highest. The limits 794 
do not apply to single phasor equivalent voltages, e.g. positive phase sequence (PPS) 795 
voltages. For high impedance earthed systems, the maximum phase-to-phase, i.e. line 796 
voltage, should be used for assessment. 797 

Voltage changes in Category 1 should not only fall within the envelope in Figure 5 but should 798 
also meet the flicker limits as determined from assessment of flicker (see 6.3). 799 

RVCs in Category 2 and 3 should not exceed the limits depicted in the time dependant 800 
characteristic shown in Figure 6 and Figure 7 respectively. 801 

Any RVCs permitted in Category 2 and Category 3 should be at least 10 minutes apart. 802 

The value of Vsteadystate should be established immediately prior to the start of a RVC. 803 
Following a RVC, the voltage should remain within the relevant envelope, as shown in 804 
Figures 5, Figure 6 or Figure 7, until a Vsteadystate condition has been satisfied. 805 

The voltage change between two steady state voltage conditions should not exceed 3%14. 806 

————————— 
14 The limit is based on 3% of the nominal voltage of the system (Vn) as measured at the PCC. The step voltage 

change as measured at the customer’s supply terminals or equipment terminals could be greater. For 
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The limits apply to voltage changes measured at the PCC (see 6.1.2). 807 

At transmission system voltage levels, Category 3 events that are planned should be notified 808 
to the relevant Transmission System Operator in advance. At distribution network voltage 809 
levels, the requirement to notify planned Category 3 events is at the discretion of the relevant 810 
Distribution Network Operator. 811 

Category 2 events do not need to be notified to the system/network operator. 812 

 813 

  814 

Figure 5 — Voltage characteristic for frequent events 815 

 816 

 817 
                                                                                                                                                   

example: The step voltage change limit stated in BS EN 61000-3-3 and BS EN 61000-3-11 is 3.3% when 
measured at the equipment terminals. 

t 

V0 

V0+6% 

V0+3% 

V0−3% 

V0−6% 

100 ms t=0 0.8 s 2 s 

V0−10% 
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Figure 6 — Voltage characteristic for infrequent events 818 

 819 

 820 

Figure 7 — Voltage characteristic for very infrequent events15 821 

 822 

5.3.3 Emission limits 823 

RVCs from individual fluctuating installations should not exceed the relevant planning level(s) 824 
in Table 4. 825 

Limits for individual fluctuating installations may need to be lower than those in Table 4 826 
where there is likely to be co-incident RVCs from different installations, such that the 827 
combined effect of co-incident RVCs from fluctuating installations are within the limits set out 828 
in Table 4. Measures should be taken to prevent co-incident RVCs at the PCC, where 829 
reasonably practicable. This requires knowledge to be obtained about the potential for RVCs 830 
from existing fluctuating installations to coincide with those for proposed connections. 831 

The requirement to prevent co-incident RVCs exceeding the limits in Table 4 at the PCC 832 
does not apply to: a) fault clearance operations; or b) immediate operations in response to 833 
fault conditions. 834 

————————— 
15 In Northern Ireland, lesser limits than those in Figure 7 apply for as long as Engineering Recommendation 

G59/1/NI is applied. 

t 

V0 

V0+6% 

100 ms t=0 0.8 s 2 s 

V0+3% 

V0−3% 

V0−10% 
V0−12% 
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5.4 Step voltage change limit 835 

A 3% general limit applies to the magnitude of percentage step voltage changes regardless 836 
of frequency of occurrence. 837 

NOTE: For the purposes of this EREC, percentage step voltage change is the value of step voltage change in 838 
volts expressed as percentage change of the nominal system voltage (Vn). 839 

Voltage fluctuations greater than 3% in magnitude should not cause interference where the 840 
shape of the voltage characteristic is equivalent to a step voltage change less than or equal 841 
to 3% (see 6.3.3.4) or is of sufficiently low frequency of occurrence (see 5.2.2). 842 

6 Assessment of disturbing equipment and fluctuating installations 843 

6.1 General guidelines for assessment 844 

6.1.1 Assessment procedure 845 

Assessment of step voltage change should follow the procedure in Clause 6.2. 846 

Assessment of flicker should follow the procedure in Clause 6.3. 847 

Assessment of RVCs should follow the procedure in Clause 6.4. 848 

The flowchart in Figure 8 summarises the high-level assessment procedure to be followed. 849 

Disturbing equipment and fluctuating installations that can be characterised as producing 850 
RVCs but could also result in flicker should be assessed for RVC (see 6.4) and flicker (see 851 
6.3). 852 

NOTE: The relevant clauses in this EREC are identified in parentheses. 853 
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 855 
Figure 8 — Flowchart assessment procedure 856 
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 857 

6.1.2 Point of evaluation 858 

The assessment of voltage fluctuation should be at the PCC unless otherwise specified by 859 
the system/network operator when evaluation at the PCC is not appropriate (see 6.3.4). 860 

6.1.3 Capability of equipment to function correctly 861 

Assessment in accordance with this EREC considers the effect of voltage fluctuations from 862 
disturbing equipment/fluctuating installations on the capability of other equipment connected 863 
to the public electricity supply system to function correctly. 864 

6.1.4 Information requirements and responsibilities 865 

The information to be provided and the responsibilities of the customer and system/network 866 
operator in the assessment process should be as those in Table 5. 867 

The system/network operator shall declare maximum values of supply system impedance for 868 
networks with a nominal voltage greater than LV in accordance with the provisions of Clause 869 
6.1.5 and Clause 6.1.6. 870 

Details of disturbing equipment should be: provided in a timely manner; sufficiently detailed; 871 
and in a format that enables the system/network operator to accurately model it. 872 

Where measured emission levels are found to exceed predicted emission levels in the 873 
compliance report and this has a material effect, the system/network operator may: 874 

a) require the customer to take mitigating action, where such action is reasonable; 875 

b) require the customer to disconnect the disturbing equipment until mitigating action can be 876 
taken; 877 

c) consider the need to disconnect the fluctuating installation. 878 

Where reasonably practicable, direct measurement of flicker severity should be carried out 879 
following connection of the disturbing equipment/fluctuating installation to validate the results 880 
of calculation and modelling. 881 

882 
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Table 5 — Information requirements and responsibilities (1 of 2) 883 

Information Requirement Assessment 
Stage 

Responsibility 

Supply system 
impedance - LV 
only 

For single-phase: 

Measurement of supply phase to neutral loop 
impedance at the customer supply terminals 
(see NOTE 1) 

or 

Calculation of supply phase to neutral loop 
impedance at the customer supply terminals 
for normal supply arrangement (see NOTE 2) 

For three-phase: 

Measurement of supply phase to phase supply 
impedance at the customer supply terminals 

(see NOTE 1) 

or 

Calculation of supply phase to phase 
impedance at the customer supply terminals 
for normal supply arrangement (see NOTE 2) 

Stage 1  

Customer 
 
 

 

Network Operator 
(on request) 
 
 

 

Customer 
 

 

Network Operator 
(on request) 

Service current 
capacity 

Check against Connection Agreement 
 

Check service records and/or inspection of cut-
out (see NOTE 3) 

Stage 1 Customer 
 

Network Operator 
(on request) 

Disturbing 
equipment 
details: 

 

Type of equipment 

Rated voltage, current, power 

Single-phase or three-phase connection 

Single-phase or three-phase impedance 

Starting/stopping current characteristics 

Operating cycle (periods of operation) 

Statement of EMC compliance with relevant 
product standards, e.g. BS EN 61000-3-3 

(see NOTE 4) 

Stage 1,2 & 
3 

Customer 

884 
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Table 5 — Information requirements and responsibilities (2 of 2) 885 

Information Requirement Assessment 
Stage 

Responsibility 

P28 compliance 
assessment 

Assess flicker/RVC emission against 
compatibility/planning levels in P28 Issue 2. 
Provide compliance report for Network 
Operator 

Assess compliance report from customer for 
acceptability 

Stage 2 & 3 Customer (see 
NOTE 5) 
 
 

System/Network 
Operator 

Emission 
measurements 
and validation 

Measurement of customer’s emission levels 
and validation against predicted levels in P28 
compliance report 

Stage 2 & 3 Customer & 
System/Network 
Operator (see 
NOTE 6) 

Supply system 
impedance - 
except LV (see 
6.1.5) 

Declaration of maximum supply system 
impedance at the PCC 

Stage 1, 2 & 
3 

System/Network 
Operator 

Known future 
connections/ 
alterations (see 
6.1.6) 

Provide system/network information in Long 
Term Development Statements, where 
available, and similar documents 

Consider known future alterations to the supply 
system in supply system impedance 
information (see NOTE 7) 

Consider known future connection/alterations 
(supply system and disturbing 
equipment/fluctuating installation) in emissions 
assessment 

Stage 1, 2 & 
3 

System/Network 
Operator 
 

System/Network 
Operator 
 

Customer 

Flicker 
background 
level (see 7) 

Measurement of existing flicker background 
level (pre-connection) 

Stage 3 System/Network 
Operator 

NOTE 1: This check is required to be carried out by a competent person/organisation to ensure the supply 
impedance is equal to or less than the manufacturer declared maximum supply impedance for the equipment to 
be installed. For further information see BS EN 61000-3-3 and BS EN 61000-3-11. 

NOTE 2: The source impedance upstream of the distribution transformer can be excluded where it is insignificant 
compared to the impedance of the distribution transformer. 

NOTE 3: There is a requirement under BS 7671 (IET Wiring Regulations), to assess supply adequacy. It is 
important to note that the current rating of the cut-out fuse holder by itself is not indicative of the service current 
capacity. 

NOTE 4: The System/Network Operator may provide assumed data, where data is not provided by the customer 
and will advise the customer accordingly. The costs could be chargeable to the customer according to the 
Network Operator’s charging statements and methodologies. 

NOTE 5: The System/Network Operator may elect to carry out the assessment on behalf of the customer. In this 
case a summary of the assessment and any relevant data should be provided to the customer on request and 
subject to meeting any confidentiality requirements. 

NOTE 6: Depending upon the extent of studies carried out and the results provided, the system/network operator 
may decide not to measure customer emission levels for Stage 2 assessments. Notwithstanding, it is incumbent 
on the customer to ensure that actual emission levels post connection conform to emission limits. 

NOTE 7: The onus is on the system/network operator to determine what system developments are known and 
reasonably foreseeable and to advise these for the assessment of disturbing equipment/fluctuating installations. 
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 886 
6.1.5 Supply system impedance 887 

Where knowledge of supply system impedance is required for calculating the magnitude of 888 
voltage fluctuations, then credible maximum values should be used. These values should 889 
generally coincide with the worst case normal operating conditions (see 6.1.6). Where 890 
operation of disturbing equipment/fluctuating installations is seasonal then supply system 891 
impedances at coincident time(s) of year may be used. 892 

When assessing the voltage fluctuation, which would be imposed on the supply to other 893 
customers, then only the supply system impedance up to the PCC should be taken into 894 
account. The effect on supply system impedance from customer owned local generation that 895 
can be relied upon to be in operation may be considered. 896 

Information provided by the system/network operator regarding planned alterations to the 897 
public electricity supply system, which would increase or decrease the supply system 898 
impedance, should be taken into account16. 899 

Any local conditions that could increase the supply system impedance at the PCC should be 900 
considered (see 6.1.6). 901 

The effects of embedded generation on the supply system impedance should be ignored 902 
unless there is a long-term guarantee that this generation would be operating at the same 903 
time as the disturbing equipment and/or fluctuating installation. In this case, planned outages 904 
of such embedded generation should be considered. 905 

In the absence of seasonal data, the supply system impedance in summer, with minimum 906 
generating plant17 in operation and credible planned outages, should be used. 907 

At LV, the source impedance upstream of HV/LV distribution transformers may be ignored 908 
where it is insignificant compared with the impedance of the distribution transformer. The 909 
source impedance upstream of 11 000/230 V pole mounted transformers with small rated 910 
powers should not be ignored. 911 

For assessing voltage fluctuation caused by three-phase connected equipment, the initial 912 
symmetrical short-circuit impedance of the supply system, 𝑍𝑍𝑘𝑘"  (𝑅𝑅𝑘𝑘"  and 𝑋𝑋𝑘𝑘" ), should be used. 913 

NOTE: The short-circuit impedance 𝑍𝑍𝑘𝑘
"

’ corresponds to the initial symmetrical short-circuit current, 𝐼𝐼𝑘𝑘
" . 914 

Where the initial symmetrical short-circuit impedance of the supply system, 𝑍𝑍𝑘𝑘"  is not 915 
available then the symmetrical short-circuit breaking current Ib may be used to calculate the 916 
short-circuit impedance of the supply system.  917 

————————— 
16 Planned system alterations and associated changes to fault levels can be obtained from Long Term 

Development Statements, where available, and similar documents prepared by system/network operators, 
noting that the fault levels in Long Term Development Statements are maximum fault levels. 

17 ‘Minimum generation plant’ equates to the expected minimum aggregated power output of generation 
connected to the system in any year, which is consistent with the lowest contribution from generation to 
system fault levels. 
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As the symmetrical short-circuit breaking current Ib is normally smaller than the initial 918 
symmetrical short-circuit current 𝐼𝐼𝑘𝑘" , using Ib instead of 𝐼𝐼𝑘𝑘"  for assessing voltage fluctuation 919 
would normally produce a more pessimistic result18. 920 

For assessing voltage fluctuation caused by single-phase connected equipment, the short-921 
circuit loop impedance between the source and load should be used, whether that is 922 
between the phase and neutral or between two phases of the supply system. 923 

For assessing RVC the appropriate subtransient reactance of the disturbing equipment 924 
should be used, where this information is available. 925 

6.1.6 Normal operating conditions 926 

Voltage fluctuations should be assessed under the worst case normal operating condition(s) 927 
unless specified otherwise by the system/network operator. 928 

Normal operating conditions for the supply system include those operating conditions in 929 
Table 6, where the system/network is designed to remain within acceptable/statutory limits. 930 

Voltage fluctuations during credible outage conditions should be considered, including 931 
planned and/or fault outages consistent with those where there is a requirement to secure 932 
demand as required by security of supply standards, i.e. ENA Engineering Recommendation 933 
P2 for HV distribution networks19 and National Electricity Transmission System Security and 934 
Quality of Supply Standards (NETS SQSS) for transmission systems20. For generation, the 935 
most onerous condition(s) the generator(s) will be expected to normally operate should be 936 
considered. 937 

For an arrangement where there are two transformers in a system/network operator’s 938 
substation that are normally operated in parallel, a planned outage of one transformer would 939 
generally result in the worst case normal operating condition. 940 

Considerations of outages in the electricity supply system may be disregarded for 941 
assessment of LV disturbing equipment/fluctuating installations. 942 

Voltage fluctuations are not expected to conform to planning levels under the following 943 
conditions. 944 

a) Temporary/abnormal conditions or whilst steps are taken to maintain/restore supplies to 945 
customers, where otherwise supplies would be interrupted21. 946 

————————— 
18 Further information on short-circuit currents can be found in BS EN 60909-0. 

19 For HV distribution networks, a first circuit outage condition generally only needs to be considered, where a 
‘first circuit outage’ condition refers to a single outage (planned or fault) of a circuit or item of plant. 

20 For transmission systems, a second circuit outage condition generally needs to be considered, where a 
‘second circuit outage’ condition refers to a first circuit outage (planned or fault) with the additional 
consideration of a fault outage on a second circuit or item of plant within the same load group as the first. 

21 For example: Most 6.6 kV, 11 kV, 20 kV and 33 kV networks are not designed to operate within acceptable 
limits for a second circuit outage condition. 
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b) Emergency conditions. 947 

Particular care should be taken when considering the effect of local system outages given 948 
the following. 949 

a) An outage of a local circuit might not give rise to the worst case normal operating 950 
condition. 951 

b) An outage of a local circuit needs to be considered together with wider system outage 952 
scenarios so minimum acceptable security of supply standards are still met. 953 

 954 
Table 6 — System/network conditions - Normal operating conditions 955 

System/network operating condition Description 

Normal network configuration Normal running arrangement with normal open 
point(s). No network assets out-of-service for 
construction, maintenance or faults 

Alternative network configuration(s) Alternative running arrangement(s) with substitute 
open point(s). No network assets out-of-service 
for construction, maintenance or repair 

Planned outages 

(see NOTE) 

Planned outages of specific network assets for 
construction, maintenance or repair activities 

Fault outages 
(see NOTE) 

Running arrangement taking into account credible 
fault outage scenario(s) for normal/alternative 
network configuration(s). Compliant with network 
design limits before fault outage and within a 
short time after fault outage, where 
reconfiguration of network is required 

Switching operations (including reactive 
compensation) 

Energisation and de-energisation of network 
assets. Reactive compensation. Reconfiguration 
of network 

Protection operation (including G59 [4] 
protection operation) 

Operation of protection and disconnection of 
load/generation for which the network is designed 
to cater for 

Demand / generation variations Variations in demand/generation within rating of 
network under normal and alternative network 
configurations 

Local embedded/distributed generation Generally, can be ignored unless there is a long-
term guarantee that this generation would be 
operating at the same time as the disturbing 
equipment and/or fluctuating installation (see 
6.1.5) 

NOTE: For various credible planned/fault outage scenarios the scenario that results in the maximum supply 
system impedance should be generally chosen. 

 956 

Where operation of the disturbing equipment/fluctuating installation can be assured so as not 957 
to coincide with a particular network operating condition then assessment of that particular 958 
network operating condition can be discounted. 959 
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6.1.7 Exceeding planning levels 960 

Where emission levels are assessed to exceed the planning levels in this EREC, options for 961 
reducing emission levels to acceptable levels should be evaluated. These include but are not 962 
limited to: 963 

a) a change in the supply system arrangement including new proposed connection point 964 
that would reduce the maximum supply system impedance and/or reduce the disturbance 965 
at the PCC; 966 

b) modification to the disturbing equipment or fluctuating installation to reduce voltage 967 
fluctuations including use of compensation equipment/techniques22. 968 

Any cost of taking remedial action to conform to planning levels should be borne by the 969 
customer. 970 

Further information on mitigation actions can be found in Part 5 of the BS EN 61000 series of 971 
EMC Standards. 972 

Emission levels higher than specified emission limits may be permitted by system/network 973 
operators under certain circumstances. Guidance can be found in ENA Engineering Report 974 
P28 [8]. 975 

6.2 Assessment of step voltage change 976 

Conformance to the 3% step voltage change limit should be assessed as a first step.  977 

In certain cases, where special circumstances apply, the system/network operator may, at its 978 
discretion, allow larger step voltage changes to occur, e.g. continuous process plant where 979 
larger motors are only started once in several months. The system/network operator may 980 
also give special limited approval for the use of some types of equipment that result in step 981 
voltage changes in excess of 3% without the need for individual consideration. 982 

6.3 Assessment of flicker 983 

6.3.1 General 984 

Assessment of flicker severity is based on the long established and reliable measures Pst 985 
and Plt. These measures should be used for assessing disturbance to all other equipment 986 
connected not just lighting. 987 

Flicker severity shall be characterised according to a flickermeter conforming to the 988 
requirements of BS EN 61000-4-15. 989 

The 95th percentile value of Pst and Plt measured over 1 week should be used to assess 990 
flicker against flicker planning levels in Table 2. Where measurements are made over several 991 
weeks then the value of flicker severity for each weekly measurement period should not 992 
exceed the applicable planning limits. 993 

————————— 
22 For example: point-on-wave switching for energising transformers. 
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NOTE: Where flicker severity is measured over a number of weekly measurement periods, the values in each 994 
week of measurement need to conform to the applicable planning limit, not the flicker severity over the whole 995 
measurement period. 996 

It is generally acceptable for customers to connect disturbing equipment to LV public 997 
electricity supply systems without any reference to the network operator or specific 998 
assessment of flicker providing: 999 

a) the disturbing equipment is declared as conforming to that part of BS EN 61000 1000 
appropriate to the product; and 1001 

b) the LV supply system source impedance at the customer supply terminals is equal to or 1002 
less than: 1003 

i. the reference impedance (Ztest)23 stated in that part of BS EN 61000 appropriate to 1004 
the product; or 1005 

ii. the maximum value of the supply impedance at which equipment would meet 1006 
required limits (Zmax), as declared by the equipment manufacturer. 1007 

 1008 
The LV public electricity supply system impedance can be determined by one or more of the 1009 
following approaches. 1010 

a) Use of generic supply system impedance values for metered connections (see Table 7). 1011 

b) Measurements of supply system impedance. 1012 

c) Specific supply system impedance values provided by the network operator. 1013 

The following supply system impedances, based on generic values of supply impedance for 1014 
LV public electricity supply systems in the United Kingdom, may be used for approximate 1015 
calculations in the absence of measurements or specific LV supply system impedance data. 1016 

 1017 
Table 7 — Generic supply impedance for LV metered connections 1018 

Supply Service capacity 
(per phase) 

Supply 
impedance 

(single-phase 
connections) 

Supply 
impedance 

(three-phase 
connections) 

230 V single-phase PME supply < 100 A 0.34 Ω - 

230 V single-phase non PME supply <100 A 0.47 ΩA - 

400 V three-phase supply 150 A 0.42 Ω 0.25 Ω 

400 V three-phase supply 200 A 0.31 Ω 0.19 Ω 

400 V three-phase supply 300 A 0.21 Ω 0.13 Ω 

400 V three-phase supply 400 A 0.16 Ω 0.10 Ω 

400 V three-phase supply 600 A 0.10 Ω 0.06 Ω 

————————— 
23 Zref represents a maximum value of source impedance, which is used for testing the appliance or disturbing 

equipment. 
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NOTES: 

1 The values of supply impedance are derived from values in Table 1, Table 5 and Table 6 of PD IEC/TR 
60725, which have been deemed most appropriate to the United Kingdom. 

2. For three-phase supplies the supply impedance to be used will depend upon whether disturbing equipment 
is connected single-phase or three-phase. 

A Derived from survey data for the UK published in PD IEC/TR 60725, where 98% of 230 V single-phase 
supplies with <100 A capacity had a supply system impedance, measured at the supply terminals, less than or 
equal to 0.4 + j0.25 Ω. 

 1019 

NOTE: Actual LV supply system impedances might be higher than the typical values stated. For example, where 1020 
supplied from pole mounted transformers with low rated power and LV mains cables or service cables with small 1021 
cross-sectional area. 1022 

For LV supplies with a declared supply capacity ≥ 100 A then specific data provided by the 1023 
network operator should be used for assessment of flicker. 1024 

Where individual items of disturbing equipment within a fluctuating installation work together 1025 
as a system,24 flicker from the system, as well as those from the individual items of disturbing 1026 
equipment, should be assessed against the relevant requirements in this EREC. 1027 

Assessments should follow a three-stage procedure summarised in Figure 9. 1028 

Stage 1 (see 6.3.2) is a simplified assessment for assessing discrete items of LV equipment 1029 
based on equipment standards; it is not applicable to HV connections or to the assessment 1030 
of disturbing equipment that work together as a system, which should be assessed under 1031 
Stage 2. LV disturbing equipment and/or fluctuating installations that meet the Stage 1 1032 
assessment criteria can be connected without specific assessment or reference to the 1033 
network operator. The assessment criteria are such that individual LV equipment conforming 1034 
to relevant BS EN 61000 product standards or the connection of multiple items of similar LV 1035 
equipment with limited fluctuating power can be connected under Stage 1 with no prospect of 1036 
interference. 1037 

Stage 2 (see 6.3.3) is an assessment of flicker levels from disturbing equipment and/or 1038 
fluctuating installations against a specified planning level. The assessment does not require 1039 
the existing flicker background level to be taken into account. Disturbing equipment and/or 1040 
fluctuating installations can be connected under Stage 2 without reference to the network 1041 
operator or further assessment providing emission levels do not exceed the emission limits of 1042 
Pst ≤ 0.5 (see Figure B.1.2) for the system voltage level concerned. Where expected flicker 1043 
severity exceeds the limit in Stage 2, then subject to addressing the particular requirements 1044 
of the system/network operator, the disturbing equipment and/or fluctuating installation may 1045 
be eligible for Stage 3 assessment. 1046 

Stage 3 assessment (see 6.3.4) applies where: 1047 

a) emission levels exceed the specified emission limit in Stage 2 despite: 1048 

————————— 
24 For example: Individual micro inverters that form part of a larger PV system or indoor and outdoor parts of a 

heat pump installation that work together to form a system. 
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i. good engineering practice having been followed in the design of the disturbing 1049 
equipment and/or fluctuating installation; and 1050 

ii. reasonably practicable alternative connection points and flicker reduction options 1051 
having been evaluated and discounted. 1052 

b) there is a possibility, based on the system/network operator’s knowledge of flicker 1053 
background levels and any other proposed connection(s), that additional flicker with a 1054 
Pst > 0.5 would result in planning levels being exceeded. 1055 

The assessment is such that existing flicker background level and emission levels from the 1056 
disturbing equipment and/or fluctuating installation at the PCC need to be taken into account. 1057 
Disturbing equipment and/or fluctuating installations can be connected under Stage 3 1058 
providing the available headroom allocated under Stage 3 assessment is not exceeded. 1059 

Disturbing equipment connected to the HV system and/or fluctuating installations connected 1060 
to the HV system should be assessed under Stage 2 and should not be permitted to be 1061 
assessed under Stage 3 unless the agreement of the system/network operator is obtained. 1062 
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Figure 9 — Three-stage flicker assessment approach 1065 

 1066 
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NOTE 1: LV equipment with a rated current (Ir) ≤ 16 A that does not conform to the limits in BS EN 61000-3-3 1067 
may be retested and evaluated to show conformance with BS EN 61000-3-11. 1068 

NOTE 2: See 6.3.1 concerning the criteria for assessment and connection under Stage 3. 1069 

NOTE 3: Zact is the modulus of the actual supply impedance at the customer supply terminals. 1070 

NOTE 4: Ztest = 0.15 + j015 Ω for three-phase equipment & Ztest = 0.25 + j0.25 Ω for single-phase equipment. 1071 

NOTE 5: Where the PCC is at HV not LV, Stage 1 assessment of LV equipment is not appropriate. 1072 
 1073 
6.3.2 Stage 1 assessment 1074 

6.3.2.1 Household appliances and similar electrical equipment 1075 

Household appliances and similar electrical equipment with a rated current ≤ 16 A per phase 1076 
and conforming to BS EN 61000-3-3 are not subject to conditional connection and can be 1077 
connected to LV public electricity supply systems under this stage without reference to the 1078 
network operator or further assessment based on LV supply impedance not exceeding the 1079 
following typical maximum values at the customer supply terminals. 1080 

a) Phase-neutral loop impedance of 0.4 + j0.25 Ω (|Z| = 0.472 Ω) for single-phase 230 V 1081 
connections. 1082 

b) Three-phase impedance of 0.24 + j0.15 Ω (|Z| = 0.283 Ω) for three-phase connections. 1083 

Interference is very unlikely given network operators design their LV networks to have 1084 
significantly lower source impedances than those stated in a) and b)25. However, it should be 1085 
recognised that the LV supply impedance of service connections installed pre-195026 could 1086 
be higher than the typical maximum values stated. Where there is doubt whether the 1087 
impedance at the customer supply terminals is less than the typical maximum values stated 1088 
then the LV supply impedance should be measured. 1089 

Household appliances and similar electrical equipment with a rated current ≤ 16 A per phase 1090 
but not conforming to emission limits in BS EN 61000-3-3 are subject to conditional 1091 
connection and can be connected to LV public electricity supply systems under this stage 1092 
providing they conform to BS EN 61000-3-11 (see 6.3.2.2). 1093 

6.3.2.2 Equipment with a rated current ≤ 75 A 1094 

Equipment with a rated current ≤ 75 A can be connected to LV public electricity supply 1095 
systems under this stage without reference to the network operator providing it conforms to 1096 
the technical requirements in BS EN 61000-3-3 and the service current capacity is confirmed 1097 
as being adequate for connection of the equipment. 1098 

NOTE: Regulation 132-16 of BS 7671 (The Wiring Regulations) requires that the rating and condition of any 1099 
existing equipment, including that of the network operator, is ascertained as being adequate before any additional 1100 
or altered equipment is connected. 1101 

————————— 
25 LV public electricity systems that are TN-C-S (PME) will typically have a supply impedance ≤ 0.35 Ω. 

26 Services installed pre-World War II and those installed in some council housing estates in the late 1940’s and 
early 1950’s could exceed the typical maximum values of LV supply impedance for modern day networks. 
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Equipment with a rated current > 16 A per phase and ≤ 75 A per phase, not conforming to 1102 
the technical requirements in BS EN 61000-3-3, is subject to conditional connection and can 1103 
be connected to LV public electricity supply systems under this stage providing it conforms to 1104 
the technical requirements in BS EN 61000-3-11. 1105 

Equipment that is subject to conditional connection [as required by this clause] can only be 1106 
connected to the LV public electricity supply system without reference to the network 1107 
operator providing either: 1108 

a) the LV supply impedance at the customer supply terminals is confirmed by 1109 
measurement (see 7) or from calculated values provided by the network operator as 1110 
being equal or less than the value (Zmax) declared by the equipment manufacturer in 1111 
the equipment instruction manual; or 1112 

b) at the customer supply terminals: 1113 

i. the service current capacity is confirmed as being ≥ 100 A per phase, as required by 1114 
the equipment manufacturer in the equipment instruction manual, and the equipment 1115 
has been clearly marked to this effect by the manufacturer; and 1116 

ii. the LV supply impedance is confirmed by measurement as being equal or less than 1117 
0.25 + j0.25 Ω (|Z| = 0.35 Ω) for single-phase connections or 0.15 + j0.15 Ω (|Z| = 1118 
0.212 Ω) for three-phase connections27. 1119 

The presence of a fuse carrier rated for 100 A per phase does not necessarily mean that the 1120 
service has a current capacity ≥ 100 A per phase. Where there is doubt regarding the service 1121 
current capacity at the customer supply terminals or the actual value of LV supply 1122 
impedance, the installer should contact the relevant network operator for information. 1123 

Equipment to be connected to the LV supply system that does not conform to emission limits 1124 
in both BS EN 61000-3-3 and BS EN 61000-3-11 may be assessed under Stage 2. 1125 

NOTE: It is unlikely that disturbing equipment that does not conform to emission limits in both BS EN 61000-3-3 1126 
and BS EN 61000-3-11 would meet the limits in Stage 2. 1127 

When assessing the suitability of high rated power equipment, i.e. > 16 A per phase, for 1128 
connection to the public electricity supply system, consideration should be given to: whether 1129 
the equipment is normally switched infrequently; whether it is designed to avoid unnecessary 1130 
rapid cycling by control systems; and the magnitude of steady state voltage change to 1131 
ensure that flicker problems do not arise. 1132 

The connection of multiple items of similar LV equipment is addressed in Clause 6.3.2 of BS 1133 
EN 61000-3-11. 1134 

————————— 
27 The LV supply impedance for single-phase connections is the phase-neutral loop impedance not the earth fault 

loop impedance. 
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6.3.3 Stage 2 assessment 1135 

6.3.3.1 General 1136 

LV connections that do not come under the Stage 1 assessment process (See Figure 9) and 1137 
all HV connections should be assessed under the Stage 2 assessment process described in 1138 
this clause. 1139 

Under the Stage 2 assessment process, individual disturbing equipment that is assessed to 1140 
result in flicker with Pst ≤ 0.5 under the worst case normal operating condition at the PCC can 1141 
be connected without further detailed assessment28. No measurement of existing flicker 1142 
background level is required for Stage 2 assessment. 1143 

An assessment of the Pst resulting from connection of the disturbing equipment/fluctuating 1144 
installation should be conducted. This should be done by simulation, calculation or 1145 
measurement. Rules to simplify the waveforms generated by particular types of equipment 1146 
are given in Clause 6.3.3.4. 1147 

Simulation of flicker severity from the voltage change characteristics of the disturbing 1148 
equipment/fluctuating installation being assessed may be carried out using a flicker 1149 
simulation program providing this accurately simulates the flickermeter in BS EN 61000-4-1150 
1529. The use of a flickermeter is the preferred method of evaluating flicker severity. 1151 

For simple step voltage change patterns or ramp voltage change patterns, or combinations of 1152 
the two, a simple approximation of Pst may be calculated using the ‘memory time’ technique. 1153 
The method and examples for calculating Pst can be found in Annex G of PD IEC/TR 61000-1154 
3-7. Flicker severity should be assessed by simulation if: 1155 

a) there is any doubt regarding the values calculated; or 1156 

b) the calculated flicker severity is within ±10% of the Stage 2 limit. 1157 

Where flicker measurements exist elsewhere for similar disturbing equipment/fluctuating 1158 
installations to that being assessed, then these measurements may be scaled for the 1159 
proposed PCC and supply system impedance. The method should follow that in Annex G of 1160 
PD IEC/TR 61000-3-7, where the ratio of the voltage change is directly proportional to the 1161 
ratio of the supply system impedance for the worst case normal operating condition at the 1162 
respective PCCs. 1163 

6.3.3.2 Simplified assessment of step voltage changes 1164 

The following simplified assessment approach may be applied to most disturbing equipment 1165 
that causes step voltage changes, ramp voltage changes or simple combinations of these 1166 
two types of voltage change. Recommendations for assessing other types of voltage change 1167 
are described in Clause 6.3.3.4. 1168 

————————— 
28 Connection of 8 individual disturbing loads each with Pst = 0.5 and an exponent of α = 3 summate to a resultant 

Pst = 1. Further information about flicker summation exponents can be found in Table 8. 

29 This Engineering Recommendation does not recommend any particular flickermeter simulation program. 
However, any party carrying out assessments using flickermeter simulation programs could be required to 
demonstrate its suitability and accuracy. 
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The limit of Pst = 0.5 for the maximum allowable magnitude of step voltage change with 1169 
respect to the time between each change is shown by the line in Figure B.1.2. 1170 

This limit does not represent the maximum tolerable Pst at the PCC but is a value that 1171 
generally allows individual items of disturbing equipment, which conform to this limit at the 1172 
PCC, to be connected without any significant probability that the planning level would be 1173 
exceeded. 1174 

Disturbing equipment that results in a flicker severity at any point on or below the line in 1175 
Figure B.1.2a) can be connected without further detailed assessment. 1176 

Figure B.1.2b) is the inverse characteristic of Figure B.1.2a) and shows the maximum 1177 
number of voltage changes per minute for a given % voltage change. 1178 

A step up in voltage followed by a step down in voltage constitutes two separate voltage 1179 
changes. 1180 

Such voltage changes, where the duration between step up and step down are ≤ 1 s are 1181 
known as ‘pulse changes’. Pulse changes can be equated to a single step voltage change for 1182 
use in Figure B.1.2 using Figure E.1 in PD IEC/TR 61000-3-7. 1183 

6.3.3.3 Simplified assessment of ramp voltage changes 1184 

Ramp voltage changes are less noticeable in terms of flicker than step voltage changes of 1185 
the same size. 1186 

Figure B.2.5 provides a simplified method for deriving an equivalent step voltage change 1187 
from ramp voltage changes with different rise/fall times, where the equivalent relative step 1188 
voltage change is equal to the shape factor (F), determined from the characteristic in Figure 1189 
B.2.5, multiplied by the maximum voltage change (dmax). 1190 

NOTE: The term dmax used in BS EN 61000-3-3 is equivalent to ΔVmax used in this EREC. 1191 

The acceptability of the voltage change, in terms of flicker, may then be considered as an 1192 
assessment of simplified step voltage change (see 6.3.3.2). 1193 

6.3.3.4 Shape factors 1194 

Shape factors may be used for simplified Pst assessments for both periodic and non-1195 
repetitive voltage fluctuations. Voltage fluctuations of a more random nature, such as those 1196 
produced by electric arcs, require more advanced techniques for accurate prediction. 1197 

In many cases, voltage fluctuations produced by disturbing equipment follow known shapes 1198 
and predictable patterns. In these cases, the flicker severity that would be produced for a 1199 
given magnitude of voltage change and shape may be determined using shape factors. 1200 
These shape factors have been determined from flickermeter simulation programs and can 1201 
be used in conjunction with the Pst = 1 curve to predict Pst for known shapes (other than 1202 
square waveforms). 1203 

NOTE: The magnitude of voltage change can be determined from simplified calculations, flickermeter simulation 1204 
programs or historical data for similar disturbing equipment whereas some knowledge of the operational pattern 1205 
produced by the disturbing equipment is necessary to evaluate the overall shape of the voltage fluctuation. 1206 



ENA Engineering Recommendation P28 
Issue 2 2018 
Page 48 
 

 

The shape factor curves in Annex B may be used for the following fluctuation 1207 
shapes/patterns. 1208 

a) Shape factor curve for pulse and ramp changes. 1209 

b) Shape factor curves for double-step and double-ramp changes. 1210 

c) Shape factor curves for sinusoidal and triangular changes. 1211 

d) Shape factor curve for motor-start voltage characteristics. 1212 

 1213 

6.3.4 Stage 3 assessment 1214 

Disturbing equipment that is not permitted to be connected under Stage 2 (see 6.3.3) should 1215 
be subject to Stage 3 assessment, where agreed by the system/network operator, where a 1216 
detailed assessment of existing flicker background levels and projected flicker severity 1217 
should be carried out with the addition of the proposed disturbing equipment/fluctuating 1218 
installation. In this case the customer should provide all the necessary data to the 1219 
system/network operator for study purposes (see 6.1.4). 1220 

Disturbing equipment and/or fluctuating installations with stochastic voltage fluctuations, such 1221 
as arc furnaces, should generally be subject to Stage 3 assessment30. 1222 

The flicker background level should, where practicable, be measured at the PCC (see 7.2) 1223 
during periods the proposed disturbing equipment and/or fluctuating installation is likely to be 1224 
in operation. Where this is not practicable, the flicker background level may be determined by 1225 
extrapolation of measurements taken at nearby nodes. 1226 

Although the highest flicker level will normally be at the connection point, it could be at 1227 
another location between the connection point of the proposed disturbing 1228 
equipment/fluctuating installation and the main source of existing flicker background levels, 1229 
where existing flicker background levels are high, i.e. Pst > 0.5. The method in Annex C of PD 1230 
IEC/TR 61000-3-7 may be used in conjunction with the flicker transfer co-efficient in Table 3 1231 
[of EREC P28] to transfer flicker measured at remote nodes to the PCC under consideration. 1232 

Where there is doubt about the location of the highest flicker levels then further 1233 
measurements of flicker background levels should be taken at other locations. In addition, 1234 
further modelling should be carried out by the customer to determine the location and 1235 
magnitude of the highest flicker level. Particular consideration should be given to whether the 1236 
highest flicker levels can be found on the LV network as a result of: 1237 

a) existing high flicker background levels on the LV network; and 1238 

b) the additional flicker transferred from proposed disturbing equipment/fluctuating 1239 
installations to be connected to the higher voltage supply system. 1240 

  1241 

————————— 
30 This recommendation does not preclude assessment under Stage 2, where flicker is expected to conform to 

the limits in Stage 2. 
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Where there is reason to believe the flicker background level might be relatively high, Pst > 1242 
0.5 then a direct measurement of the flicker background level at the PCC should be carried 1243 
out at the pre-connection study stage. A more detailed evaluation of flicker background level 1244 
may be carried out to identify any scope to reduce flicker levels. 1245 

The short-term flicker severity (Pst) for the proposed disturbing equipment and/or fluctuating 1246 
installation should be determined from either: 1247 

a) previous measurements of Pst for identical disturbing equipment (see NOTE); 1248 

b) scaling characteristics of similar disturbing equipment with known Pst values; 1249 

c) flickermeter simulation31. 1250 

NOTE: A change in network characteristics, e.g. fault level, can affect Pst levels even when identical equipment is 1251 
used elsewhere. The fact that equipment used elsewhere has not resulted in flicker issues does not mean it will 1252 
continue not to when moved or used at a new network location without assessment. 1253 
 1254 
The effects of any known future connections or system changes, including use of previous 1255 
measurements of Pst for identical equipment used elsewhere, should be assessed32. 1256 

The Pst values of the proposed disturbing equipment and/or fluctuating installation, the Pst 1257 
values of any known future connections or system changes and the Pst values of flicker 1258 
background should be summated using the general summation law (see Equation 1).  1259 

 1260 

𝑃𝑃𝑠𝑠𝑠𝑠 = �∑ 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝛼𝛼𝑠𝑠=𝑛𝑛
𝑠𝑠=1

𝛼𝛼
   Equation 1 1261 

 1262 

where: 1263 

Pst is the magnitude of the resulting short-term flicker level for the considered aggregation 1264 
of flicker sources (probabilistic value) 1265 

Psti is the magnitude of the various flicker sources or emission levels to be combined 1266 

α is an exponent that depends on various factors (see Table 8) 1267 

 1268 
Where the summated Pst values exceed the Pst planning levels in Table 2, connection of the 1269 
proposed disturbing equipment and/or fluctuating installation should not be permitted. 1270 

————————— 
31 Computer programs that simulate flicker severity are commercially available. 

32 Information about known future connections and system changes can be obtained from Long Term 
Development Statements (LTDS) published by system/network operators, where available, or on request from 
system/network operators. This includes the Electricity Ten Year Statement (ETYS) for transmission systems 
in GB. 
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The long-term flicker level should be calculated from short-term flicker levels using Equation 1271 
2. 1272 

𝑃𝑃𝑙𝑙𝑠𝑠 = �1
𝑛𝑛

3
 ∑ 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠3

𝑠𝑠=𝑛𝑛
𝑠𝑠=1    Equation 2 1273 

where: 1274 

Plt is the magnitude of the resulting long-term flicker level for the aggregation of short-term 1275 
flicker levels over the time which Plt is required to be measured (see NOTE) 1276 

n is the number of Pst values in the time over which Plt is required to be measured 1277 

Pst is the magnitude of the resulting short-term flicker level for the considered aggregation 1278 
of flicker sources (probabilistic value) 1279 

NOTE: Plt is normally evaluated over a 2 h period, where n = 12. 1280 

 1281 

Where relevant, multiple values of Plt should be summated using the general summation law 1282 
(see Equation 1) as for Pst values. Where the Plt value or the summated Plt values exceed the 1283 
Plt planning levels in Table 2, connection of the proposed disturbing equipment and/or 1284 
fluctuating installation should not be permitted. 1285 

Where consent is given to connect disturbing equipment or a fluctuating installation following 1286 
Stage 3 assessment, the system/network operator should measure flicker severity at the 1287 
PCC following commissioning to verify that the actual measured values are consistent with 1288 
the assessment and, in the worst case, do not exceed the Stage 3 planning levels. If 1289 
measurements are made at some other point then the results should be transposed to the 1290 
PCC, with consideration to using the actual compared with the minimum supply system 1291 
impedance declared by the system/network operator. 1292 

Where two or more applications are received to connect new disturbing 1293 
equipment/fluctuating installations on the same part of the existing electricity supply system, 1294 
the extent of interaction and their cumulative effect should be considered. If it is not 1295 
practicable to connect all of the affected parties without exceeding planning limits, it may be 1296 
permissible to connect all parties by carrying out mitigating measures. However, following 1297 
connection of the first party and on-site measurement of the resultant flicker severity levels it 1298 
might be permissible to connect additional disturbing equipment/fluctuating installations. In 1299 
such circumstances, the system / network operator will inform all affected parties of the 1300 
situation and will determine the terms of their connection offers. 1301 

Flicker levels should be measured at the PCC, with the disturbing equipment/fluctuating 1302 
installation: 1303 

a) connected to the system/network, i.e. to measure the overall flicker level; and 1304 

b) disconnected from the system/network, i.e. to measure the flicker background level. 1305 
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If the disturbing equipment/fluctuating installation is not connected to a “clean” flicker free 1306 
system/network, the flicker level should be determined by subtracting the flicker background 1307 
level from the overall flicker level using the summation law equation (see Equation 1). 1308 

Table 8 — Flicker summation exponents 1309 

Exponent Application 

α = 4 Should be used for the summation of flicker when simultaneous voltage 
fluctuations are very unlikely to occur (e.g. specific equipment controls are 
installed so as to prevent simultaneous fluctuations and arc furnaces are 
specifically run to avoid coincident melts). 

α = 3 Should be used for the summation of flicker for most types of flicker sources 
where the risk of coincident voltage fluctuations is small. The majority of 
studies combining unrelated disturbances fall into this category and it is 
recommended for general use and when where there is any doubt over the 
magnitude of the risk of coincident voltage fluctuations occurring. 

α = 2 Should be used for the summation of flicker when coincident voltage 
fluctuations are likely to occur (e.g. coincident melts on arc furnaces). 

α = 1 Should be used for the summation of flicker when there is a very high 
occurrence of coincident voltage fluctuations (e.g. when multiple motors are 
started at the same time). 

NOTE 1: Applies to the addition of either Pst or Plt from various sources. 
NOTE 2: The lower value of α equates to higher coincidence of voltage changes, where α = 1 is the lowest. 

 1310 
An exponent of α = 3 should be used for summation of flicker unless there is 1311 
information/justification to support the application of another exponent. 1312 

There might be applications where using an exponent of α = 3 is too conservative, 1313 
particularly where the risk of coincident voltage fluctuations is very low. 1314 

Where the measured flicker background level is Pst > 0.5 then a more refined method should 1315 
be used to validate how voltage changes from the fluctuating installation correlate with 1316 
measured voltage changes. 1317 

6.3.5 Simplified voltage change evaluation 1318 

For balanced three-phase a.c. electricity supply systems the percentage voltage change 1319 
caused by disturbing equipment can be derived as follows. 1320 

Where the supply system impedance is stated as per unit resistance and per unit reactance 1321 
values on a base MVA: 1322 

𝛥𝛥𝛥𝛥
𝛥𝛥

=  𝑆𝑆
𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

 (cos𝜑𝜑 .𝑅𝑅𝑝𝑝.𝑢𝑢. +  sin𝜑𝜑 .𝑋𝑋𝑝𝑝.𝑢𝑢.) Equation 3 1323 

Where: 1324 

ΔV/V  Voltage change per unit (p.u.) 1325 

S  Apparent power change in MVA of the disturbing equipment 1326 
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Sbase  Base MVA of the supply system impedance 1327 

φ  Power factor of the disturbing equipment 1328 

Rp.u.  Supply system resistance per unit 1329 

Xp.u.  Supply system reactance per unit 1330 

NOTE: Voltage change percent (%) is equivalent to ΔV/V x 100. 1331 

Where the supply system short-circuit power (see 6.1.5) is stated in MVA and the power 1332 
factor of the load is assumed to be the same as the ratio of supply system resistance to 1333 
supply system impedance33: 1334 

 1335 
𝛥𝛥𝛥𝛥
𝛥𝛥

=  𝑆𝑆
𝑆𝑆𝑘𝑘

"  × 100  Equation 4 1336 

 1337 
Where: 1338 

ΔV/V  Voltage change percent (%) 1339 

S  Apparent power change in MVA of the disturbing equipment 1340 

𝑆𝑆𝑘𝑘
"   Supply system initial symmetrical short-circuit power MVA 1341 

Examples of more detailed calculations of voltage changes can be found in Annex G of PD 1342 
IEC/TR 61000-3-7. 1343 

6.3.6 Assessment of equipment against EMC generic standards 1344 

Where a dedicated product EMC standard does not exist, then disturbing equipment may be 1345 
connected to the supply system subject to meeting the requirements and levels for flicker in 1346 
BS EN 61000 Part 6 Generic standards and with the specific consent of the system/network 1347 
operator. 1348 

Equipment intended to be directly connected to the LV public electricity supply system 1349 
conforming to BS EN 61000-6-3 shall be subject to Stage 1 assessment (see 6.3.2) as BS 1350 
EN 61000-3-3 and BS EN 61000-3-11 are normative references in this standard [BS EN 1351 
61000-6-3]. 1352 

Equipment that is supplied from a HV transformer, which is dedicated to the supply of an 1353 
installation feeding manufacturing or similar plant and is intended to operate in or in proximity 1354 
to industrial locations, can be connected subject to conformance to BS EN 61000-6-4 and 1355 
meeting the requirements and levels for flicker stated by the system/network operator. 1356 

  1357 

————————— 
33 This is the worst-case condition. 
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Where conformance to EMC requirements in harmonised product standards or BS EN 61000 1358 
Part 6 Generic standards is not applicable or not appropriate then equipment can be 1359 
connected to public electricity supply systems via the ‘Technical File’ path, where it can be 1360 
shown to conform to the requirements of The Electromagnetic Compatibility Regulations 1361 
2016 [1] 34. 1362 

NOTE: The ‘Technical File’ path is a route that manufacturers can opt to follow when declaring conformance to 1363 
the Electromagnetic Compatibility Regulations 2016. This route is based on relying on evidence assembled within 1364 
a Technical File by the manufacturer, as opposed to relying on conformance to some or all relevant harmonised 1365 
standards. 1366 
 1367 
6.4 Assessment of rapid voltage change 1368 

6.4.1 General 1369 

As a minimum requirement, an assessment to determine the maximum RVC should be 1370 
carried out: 1371 

a) at the minimum fault level for normal operating conditions (see 6.1.6); 1372 

b) assuming 0.5 p.u. of remanent flux in transformers35; 1373 

c) assuming the pre-event initial steady state voltage, V0, occurs at the upper and lower 1374 
statutory voltage limits; 1375 

d) at the voltage zero crossing or other point on the voltage waveform, where this results in 1376 
the maximum magnitude of RVC; and 1377 

e) including sympathetic inrush currents between transformers connected in the vicinity 1378 
unless it can be demonstrated that these currents are insignificant36. 1379 

The assessment procedure should be based on measured changes in r.m.s. voltage 1380 
refreshed each half cycle starting with the first full cycle of measurements following 1381 
commencement of the RVC (see 7.3). The first incomplete half cycle measurement following 1382 
commencement of the RVC should be disregarded. 1383 

The maximum RVC should not exceed the relevant limit(s) in Table 437. 1384 

NOTE: The relevant limits in Table 4 define an envelope for categories of occurrence, which the maximum r.m.s. 1385 
RVC is required to fit within. The acceptability of voltage change is now assessed over a time period from the start 1386 
of the RVC event and not just after 30 ms from the start of the event, as was the case in Engineering 1387 
Recommendation P28 Issue 1. 1388 

The magnitude of remanence flux can vary for different types and designs of transformers.  1389 

————————— 
34 The Electromagnetic Compatibility Regulations 2016 are the UK implementation of Directive 2014/30/EU of the 

European Parliament and of the Council relating to electromagnetic compatibility. 

35 In the absence of specific data, a value of 0.5 p.u. remanent flux can be assumed given a value between 0.4 
and 0.6 p.u. is typical of measured results. 

36 Sympathetic inrush currents can affect voltage recovery especially in systems/networks with lower fault levels. 

37 Assessment of emission levels is based on the absolute maximum voltage change measured and not the 
probability the limit could be exceeded for a small period of time. 



ENA Engineering Recommendation P28 
Issue 2 2018 
Page 54 
 

 

Where the magnitude of the calculated maximum RVC is marginal, with respect to the limits 1390 
in this EREC, then the validity of any typical values used, including those for remanence, 1391 
together with any assumptions should be checked for the particular transformer being 1392 
studied38. 1393 

6.4.2 Transformer energisation 1394 

6.4.2.1 General 1395 

Transformer inrush current is asymmetrical with a harmonic content that can last for tens of 1396 
cycles after transformer energisation. Asymmetry of the inrush current is the result of a d.c. 1397 
component that can be a significant proportion of the peak current magnitude. For three-1398 
phase transformers, at the instant of transformer energisation, the voltage will be different in 1399 
each phase. Invariably the RVC will be of greater magnitude in one of the phases depending 1400 
upon the point-on-wave energisation. The maximum voltage change, of the three-phases, 1401 
should be taken to be ΔVmax and used for assessment against the RVC limits in Table 4. 1402 

The magnitude of RVC depends on the relative short-circuit capacity of the upstream 1403 
electricity supply system to the transformer rated power and the inrush characteristic of the 1404 
transformer. The inrush current characteristic, in terms of the proportion of 50 Hz 1405 
fundamental frequency current and the initial magnitude and time constant of the d.c. 1406 
component can vary for different types of transformers. 1407 

The study of transformer inrush current is complex and is best done through electromagnetic 1408 
transient analysis using an appropriate software program. Careful consideration should be 1409 
given to assigning values to parameters in such software programs. 1410 

For example: Magnetising impedance parameters have an important effect on the linear 1411 
reactance and the decaying time constant related to the magnetic circuit used for estimating 1412 
the magnetic flux in the core of the transformer. 1413 

Studies involving transformer inrush current should consider energisation at a switching 1414 
angle corresponding to zero volts in one phase39. 1415 

Where the resultant voltage change is marginal, i.e. within 10% of the relevant RVC limit, 1416 
then energisation at a switching angle corresponding to 5% of the peak rated voltage in that 1417 
phase should be evaluated40. The studies will be acceptable if the resultant voltage change 1418 
for the latter case is less than 90% of the relevant RVC limit. 1419 

Empirical studies show that significant variations can occur in the calculated magnitude of 1420 
voltage dip depending upon the value of assumed parameters. The sensitivity of the 1421 
calculated magnitude of voltage dip to changes in parameter values should be understood to 1422 
ensure the calculated values accurately represent expected measured values. 1423 

————————— 
38 In practice, remanence values have been found to be lower than 0.8 p.u. 

39 Theoretically this represents the worst-case condition. 

40 This approach recognises that before the poles of a circuit breaker actually close and touch each other an arc 
strikes across the poles and current starts flowing in the phase (through the arc). The striking of the arc and 
flow of current is due to the fact that there is a voltage difference between the circuit breaker poles at that 
point. Empirically, this voltage is about 5% of the peak rated voltage in the phase when current starts to flow. 
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6.4.2.2 Simplified assessment 1424 

Where detailed information needed to carry out transformer magnetising inrush simulation 1425 
studies is not available then a simplified assessment may be carried out as a first step to 1426 
determine whether the magnitude of the voltage dip during energisation is sufficiently close 1427 
to the RVC limits as to warrant detailed electromagnetic transient analysis. 1428 

Simplified assessment can include the following. 1429 

• Application of generic curves that relate system fault level to the magnitude of voltage dip 1430 
for typical distribution type transformers41. 1431 

• Simple modelling of the inrush current from the peak inrush current provided by the 1432 
manufacturer / supplier and typical constants for different transformer types based on the 1433 
fundamental frequency component of rated current 42. 1434 

• Simple calculation of the magnitude of the initial voltage dip based on the ratio of the 1435 
peak inrush current to the peak rated current (see Annex C). 1436 

It should be noted that using the manufacturer’s/supplier’s stated peak inrush current as a 1437 
multiple of rated current might result in an unduly pessimistic magnitude of voltage dip 1438 
compared with measured results. 1439 

The following points should be considered when carrying out simplified assessment. 1440 

a) Simplified modelling of the inrush current could underestimate the magnitude of the peak 1441 
voltage dip by up to 30%, where default values are used and subtransient effects are 1442 
omitted. 1443 

b) The modelling of inrush current decay may differ from that measured in practice given the 1444 
inrush current decay envelope could be more complex than can be represented by an 1445 
exponential decay curve and single time constant. 1446 

c) The ratio of the peak inrush current and peak rated current can differ appreciably for 1447 
different types of transformer, therefore it is important to use data that is specific to the 1448 
transformer being modelled. 1449 

d) Dry type distribution transformers will generally result in a greater magnitude of voltage 1450 
dip on the first energisation than equivalent oil-filled distribution transformers. 1451 

e) RVCs are characterised by true r.m.s. voltages not just the power frequency component. 1452 

 1453 

It should be noted that empirically, the magnitude of inrush current and hence voltage dip is 1454 
generally lower for transformers that comply with BS EN 50588-1, due to lower fixed iron 1455 
losses. 1456 

————————— 
41 Such as the Paper ‘Assessing P28 Guidelines for Renewable Generation Connections’ by R.A. Turner and 

K.S. Smith [10]. 

42 Such as the Paper ‘A Simplified Method For Estimating Voltage Dips Due To Transformer Inrush’, CIRED 20th 
International Conference on Electricity Distribution, 2009 by Graeme Bathurst [11]. 
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7 Measurements 1457 

7.1 General guidelines for measurements 1458 

The measurement period should be chosen to include the expected maximum disturbance 1459 
(flicker severity or RVC) caused by the disturbing equipment/fluctuating installation being 1460 
assessed.  1461 

The measurement period should be generally not less than one week to capture any daily 1462 
variations in background levels. A shorter measurement period may be used providing this is 1463 
representative of the measurements that would be expected if measured over one week or 1464 
would capture the most severe two-hour period of voltage fluctuations (see 7.2.1). In any 1465 
case, the measurement period should be of sufficient duration to cover at least two full 1466 
operating cycles of single disturbing equipment and/or at least one full operating cycle for a 1467 
fluctuating installation with several items of disturbing equipment. 1468 

The decision as to whether the limits apply to phase-phase or phase-neutral voltage should 1469 
be consistent with relevant measurement standards. 1470 

Where measurements are taken from systems/networks through a voltage transformer, it is 1471 
important to give due regard to the phase relationship between measured voltages and LV 1472 
system/network voltages43. This is particularly important for voltage fluctuations which are 1473 
not symmetrical to all three phases. 1474 

Where it is not possible to take measurements under the worst case normal operating 1475 
condition, the measured values obtained for the particular system/network condition should 1476 
be analysed to ensure they are consistent with those expected for that condition. 1477 

7.2 Flicker measurements 1478 

7.2.1 Measurement of flicker severity for an item of disturbing equipment 1479 

Direct measurement of all types of voltage fluctuations should be assessed using a 1480 
flickermeter conforming to the requirements to BS EN 61000-4-15. 1481 

Flicker should be measured using the Class A method specified in BS EN 61000-4-30 and 1482 
BS EN 61000-4-15, except the measurement uncertainty requirement for Pst at low 1483 
modulation rates, i.e. < 40 changes per minute, need only be met for voltage fluctuations ≤ 1484 
10% in amplitude over an input voltage in the range of nominal voltage ± 10%. Alternatively, 1485 
where agreed with the system/network operator, flicker may be assessed using the Class S 1486 
method for specific applications where the measurement uncertainty requirement is not 1487 
critical for Pst outside the range of 0.4 to 4. 1488 

Data should be flagged in accordance with BS EN 61000-4-30 such that abnormal voltage 1489 
fluctuations44, e.g. associated with faults or switching events on the network, can be omitted 1490 
to ensure the measurement is representative of the flicker being assessed. 1491 

————————— 
43 This is important as lighting equipment, which is most sensitive to voltage fluctuation, is connected between 

phase and neutral at LV. 

44 Abnormal voltage fluctuations include those from unintended sources, such as faults etc. 
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Measurements of Pst and Plt should be 95% probability values over a normal measurement 1492 
period of one week. For shorter measurement periods, 99% probability values for 1493 
measurements of Pst should be used45. 1494 

NOTE: Comparison of 99% and 95% probability values can be useful as ratios > 1.3 can indicate abnormal 1495 
results caused by voltage dips and transients. 1496 

The calculation of Plt should be based on a sliding window of Pst values, where the oldest Pst 1497 
value is replaced by the newest Pst value at each 10-minute interval. 1498 

A check should be made when starting measurements and when interpreting measurement 1499 
results that step voltage changes are not exceeding 3% between steady state conditions 1500 
and/or that Pst is not exceeding planning levels (see Table 2). 1501 

If the disturbing equipment/fluctuating installation is not connected to a "clean" flicker free 1502 
supply then the measured flicker background level (see 7.2.2), without the disturbing 1503 
equipment/fluctuating installation in operation, should be subtracted from the result using the 1504 
general summation law equation (see 6.3.4). 1505 

7.2.2 Flicker background levels 1506 

Flicker background levels in each phase should be measured without the disturbing 1507 
equipment/fluctuating installation in operation. The measurement period should be of 1508 
sufficient duration to obtain typical flicker background levels that coincide with the operation 1509 
of the proposed disturbing equipment/fluctuating installation. Measurements in the phase 1510 
with the highest measured flicker background levels should be used for assessment. 1511 

A flicker background level of Pst < 0.35 is negligible and may be discounted in any simplified 1512 
flicker assessment approach referenced in this EREC. 1513 

In the absence of any measured data, the flicker background level should be assumed to be 1514 
Pst = 0.5. If there is reason to believe the flicker background level might be greater than Pst = 1515 
0.5, a direct site measurement should be carried out for the purposes of assessment. 1516 

Flicker background levels for new substations may be estimated from measurements at other 1517 
locations in the electricity supply system by applying relevant transfer coefficients from 1518 
adjacent nodes (see Table 3 for typical transfer coefficients). Examples of how to apply 1519 
transfer coefficients between different nodes can be found in Annex B of PD IEC/TR 61000-1520 
3-7. 1521 

7.3 RVC measurements 1522 

RVC measurements should be based on measured changes in the r.m.s. voltage. 1523 

The worst case RVC measured over the measurement period should be used to determine 1524 
the emission level, not probability values. 1525 

————————— 
45 99% probability values of Pst and Plt are not permitted to exceed planning levels. 
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Instruments used for power quality measurements should conform to BS EN 61000-4-30 and 1526 
should be capable of Class A measurements, where r.m.s. voltage measurements are 1527 
refreshed each half-cycle. 1528 

It is likely that the actual RVC measured during the measurement period could differ from the 1529 
value(s) calculated during studies. The difference between actual measured values and 1530 
calculated values could be explained by one or more of the following. 1531 

a) The actual supply system impedance present during the measurement period might be 1532 
significantly less than for the worst case normal operating condition used for study. 1533 

b) Power quality measurement instruments that measure true r.m.s. voltage will include the 1534 
additional voltage fluctuation caused by harmonic currents; some studies could consider 1535 
the 50 Hz fundamental frequency only. 1536 

c) Switching during the measurement period will not necessarily take place at the worst 1537 
case condition(s) as studied, e.g. the worst case point on the voltage waveform and/or 1538 
the worst case remanence flux. 1539 

Given actual measured values are dependent on the point on the voltage waveform that a 1540 
fluctuating installation is energised then a number of repeat energisations should be carried 1541 
out, where practicable, to validate emission values. 1542 

The effect of actual conditions present during the measurement period should be considered 1543 
when validating measurement results against calculated results and limits in this EREC. 1544 

Where possible, measurements should be conducted when the system is fully intact with no 1545 
outages of equipment and validated against calculated values of RVC for the same system 1546 
arrangement. 1547 

8 Guidance on application 1548 

8.1 General 1549 

Where full data is available, a simulation of the pattern of voltage changes should be 1550 
undertaken. Where this is not possible, then the following approximate methods may be 1551 
used. 1552 

When assessing several sources of flicker the resultant value of Pst should be determined by 1553 
application of the general summation law equation (see 6.3.4). 1554 

8.2 Supply system considerations 1555 

For connected disturbing equipment or fluctuating installations with Pst > 0.5, the 1556 
system/network operator should carefully control the connection of further disturbing 1557 
equipment/fluctuating installations to affected supply systems. This is to prevent planning 1558 
levels being exceeded in future. 1559 

The system/operator should have an effective system in place to identify, record and monitor 1560 
these affected supply systems.  1561 

As it is not practicable to control the connection of certain LV disturbing equipment, in 1562 
particular, household appliances and similar electrical equipment, the network operator 1563 
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should only consent to the connection of disturbing equipment or a fluctuating installation 1564 
under Stage 3 if satisfied that other significant loads cannot be connected without their 1565 
consent. 1566 

Where system alterations are contemplated that could change the realistic maximum 1567 
impedance at the PCCs used for Stage 3 assessments then the system/network operator 1568 
should re-assess the flicker severity at these PCCs to ensure planning levels are not 1569 
exceeded. 1570 

8.3 Electric motors 1571 

As motors can cause voltage changes on starting, during running and on stopping, all these 1572 
conditions need to be considered when assessing the acceptability of connecting a motor to 1573 
the supply system. 1574 

8.3.1 Starting 1575 

In most cases, starting produces the most severe voltage change in terms of both the 1576 
magnitude and power factor of the current taken. In the majority of cases for motors with 1577 
direct-on-line starting, the duration of the magnetising inrush current is several seconds. 1578 

Where the voltage change characteristic of the starting event fits within the envelope in 1579 
Figure 5, the acceptability of the minimum time between occurrences may be assessed from 1580 
Figure B.1.2 and should conform to the recommendations for planning levels and 1581 
assessment of flicker stated in this EREC. 1582 

Where the voltage change characteristic of the starting event does not fit within the envelope 1583 
in Figure 5, the acceptability of the magnitude of the voltage change should be assessed 1584 
against the limits in Table 4. 1585 

Where a motor is only started at intervals of several months (very infrequent starting event), 1586 
the voltage change characteristic should fit within the envelope in Figure 7. The 1587 
system/network operator may insist on special conditions being put in place. These special 1588 
conditions may include one or more of the following. 1589 

a) Restriction of starting to times when the associated system is fully intact with no outages 1590 
of equipment. 1591 

b) Restriction of starting to certain hours, e.g. 0100 hrs - 0700 hrs, to minimise the likelihood 1592 
of disturbance to other customers. 1593 

c) Liaison with the system/network control engineer prior to starting. 1594 

d) Consideration of inhibiting tap-changer operation. 1595 

Special consideration may be given to other scenarios, where motors will usually only be 1596 
started over a limited period of the year, generally when there is no lighting load on the 1597 
system. In these scenarios, although a very limited number of customers might experience 1598 
the full voltage depression at the PCC, the probability of resultant voltage complaints will be 1599 
low. Whilst these and similar cases require judgement to be exercised, voltage depressions 1600 
within the limits of Figure 7 are acceptable. 1601 



ENA Engineering Recommendation P28 
Issue 2 2018 
Page 60 
 

 

For motors where the front time associated with starting is short, e.g. ≤ 30 ms, and the tail 1602 
time is comparatively longer, then the maximum voltage change, dmax, can be substituted as 1603 
the step voltage change in Figure B.1.2. 1604 

Example 1: For a motor with a starting and stopping characteristic lying within the envelope of Figure 5 1605 
would need to have a minimum time between starting events of 475 s if the voltage change was 3%. 1606 

For direct on line starting the whole cycle may be considered as being equivalent to one 1607 
step change with the limit taken directly from Figure B.1.2. 1608 

Use of reduced voltage starters, such as star-delta and reactor types, normally causes a 1609 
second voltage change at the changeover point. This second voltage fluctuation is similar to 1610 
that in Figure 5 and should be considered equivalent to a further single step voltage change. 1611 

For LV motors, where the maximum voltage change (dmax), the front time (Tf) and the tail time 1612 
(Tt) are known then a shape factor (F) can be determined from Figure 5 in BS EN 61000-3-3. 1613 
The equivalent step voltage change for use in Figure B.1.2 can be obtained by multiplying F 1614 
and dmax (see Figure 10). 1615 

For motors with normal magnetising inrush current characteristics the magnitude of the 1616 
largest r.m.s. voltage change for starting events can be assessed from either: 1617 

a) measurement of the motor current with the rotor locked when supplied at the intended 1618 
operating voltage of the motor; or 1619 

b) reference to the manufacturer’s published information. 1620 

 1621 

 1622 

NOTE: The same convention as BS EN Standards has been followed, where a reduction in voltage is represented 1623 
as a positive value of dmax. 1624 

Figure 10 — Application of shape factor (F) for motor starting 1625 

 1626 
For motors with abnormal magnetising inrush characteristics then the voltage fluctuation 1627 
should be determined from either measurement of similar motor installations or flickermeter 1628 
simulation programs. 1629 

Previous experience has shown that relatively small direct-on-line LV motors can be 1630 
connected without detailed consideration. These are listed in Annex A.1. 1631 

  1632 



ENA Engineering Recommendation P28 
Issue 2 2018 

Page 61 
 

 

8.4 Furnaces 1633 

At the design stage and for single furnace installations, which are effectively electrically 1634 
isolated from other furnaces, the following simplified assessment may be adopted, generally 1635 
for connections to 11 kV and 33 kV networks, which involves the calculation of the short-1636 
circuit voltage depression at the PCC. 1637 

Assuming the source impedance has a negligible effect on the short-circuit power drawn by 1638 
the furnace, the short-circuit voltage depression may be calculated with sufficient accuracy 1639 
from the ratio of the furnace steady state apparent short-circuit power in MVA (St) and the 1640 
system short-circuit power in MVA at the PCC (Sc) (see Equation 4). 1641 

The apparent short-circuit power of a furnace (St) is that power which would be drawn by the 1642 
furnace if all three electrodes were immersed in molten steel with the furnace transformer tap 1643 
set to that corresponding to the highest furnace voltage available. The value of St may be 1644 
taken to be twice the furnace rated power if no other information is available. 1645 

In order to meet the Stage 2 limit for flicker severity, the value of short-circuit voltage 1646 
depression calculated from Equation 4 should be less than 1%46. 1647 

Where the effect of source impedance on the short-circuit power drawn by the furnace is not 1648 
negligible, a more accurate assessment should be conducted. 1649 

For induction furnaces, additional aspects of operation, including consideration of voltage 1650 
fluctuations, are described in Engineering Recommendation P16 [3]. 1651 

However, the voltage fluctuation limits in EREC P28 supersede any limits in Engineering 1652 
Recommendation P16 [3]. 1653 

The cubic summation law in the case of the summation effects of two arc furnaces (at the 1654 
95th & 99th percentile) could be too pessimistic for realistic estimation of summation effects 1655 
and an exponent of α = 4 could be considered. 1656 

8.5 Heat pumps 1657 

Assessment of domestic heat pumps for connection to LV public electricity supply systems 1658 
should follow the connection/notification process published by the ENA47. The voltage 1659 
fluctuation requirements of that process for connection of a single heat pump/system are 1660 
equivalent to the Stage 1 assessment process in this EREC (see 6.3.2). 1661 

Multiple heat pumps/systems, each with a rated power ≤75 A per phase including any boost 1662 
or back-up function, for connection to the LV public electricity supply systems, shall be 1663 
subject to conditional assessment in accordance with Stage 1 of this EREC. 1664 

The short-term flicker severity (Pst) of fluctuating installations with multiple heat pumps can 1665 
be summated according to the summation law and exponents in Equation 1 (see 6.3.4) 1666 
providing that heat pumps start 30 s apart.  1667 

————————— 
46 This equates to a step voltage change of 1% not more than every 20 s. 

47 The notification process for connecting heat pumps can be found on the ENA website. 
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The general flicker summation exponent α = 3 may be used to calculate how many heat 1668 
pumps can be connected to the same PCC without exceeding the flicker planning level. The 1669 
flicker summation law and exponents are not valid for multiple heat pumps within a 1670 
fluctuating installation that are centrally controlled to switch at the same time. 1671 

The boost function on multiple heat pumps in the same fluctuating installation should be 1672 
controlled, where unacceptable voltage fluctuations would occur otherwise if the heat pumps 1673 
were to switch on/off simultaneously48. 1674 

The indoor and outdoor parts of a heat pump system should be tested as a whole integrated 1675 
system as well as individual items of equipment. The whole integrated system is required to 1676 
conform to the emission limits in this EREC. 1677 

Special consideration should be given to heat pumps with direct-on-line connection as these 1678 
could result in excessive voltage fluctuations unless steps are taken to reduce the initial 1679 
starting current, e.g. using soft-start technology. 1680 

8.6 Electric vehicles (EVs) 1681 

8.6.1 General 1682 

Equipment and systems for charging EVs whether installed in an EV or in a fixed installation 1683 
should conform to BS EN 61851. 1684 

General guidance on the notification process for connecting EV charging infrastructure to LV 1685 
public electricity supply systems is published by the ENA49. 1686 

The following specific recommendations relate to the assessment of flicker from EV charging 1687 
equipment. 1688 

8.6.2 Fixed charging installations 1689 

Fixed charging equipment is not subject to conditional connection and can be connected to 1690 
LV public electricity supply systems under Stage 1 without reference to the network operator 1691 
where: 1692 

a) the equipment has a rated current ≤ 16 A and it conforms to BS EN 61000-3-3; 1693 

b) the equipment is connected at a domestic residence has a rated current ≤ 32 A and it 1694 
conforms to the technical requirements of BS EN 61000-3-3. 1695 

Fixed charging equipment ≤75 A per phase not conforming to BS EN 61000-3-3 should be 1696 
subject to conditional connection in accordance with BS EN 61000-3-11 and can only be 1697 
connected to the LV public electricity supply system under Stage 1 if the actual impedance of 1698 
the supply system the equipment is connected to meets the required value (see 6.3.2). 1699 

————————— 
48 Some heat pumps are fitted with a boost function that is programmed to operate at specific times. Multiple heat 

pumps from the same manufacturer, which are fitted with this function, could operate simultaneously if the 
default time of the programmed boost is not changed. 

49 The notification process for connecting EV charging infrastructure can be found on the ENA website. 
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Network operators should give special consideration to assessment of installations where 1700 
multiple EV charging connections are proposed to be connected to a PCC. This may include 1701 
taking steps to prevent simultaneous switching of multiple active chargers to prevent 1702 
breaching the 3% step voltage change limit. 1703 

Where conformance to flicker limits depends upon minimum control cycle time(s) being 1704 
applied to fixed charging equipment then these should be declared by the 1705 
manufacturer/supplier and applied to the charging equipment. 1706 

The severity of flicker from fixed charging equipment depends, inter alia, on the 1707 
characteristics of the charger. Where the charging characteristic resembles a stable load with 1708 
long control cycle times then meeting the 3% step voltage change limit will most probably be 1709 
the overriding consideration not flicker. Small variations of load whilst charging an EV, even 1710 
when frequent, are unlikely to result in flicker as opposed to large infrequent step voltage 1711 
changes when multiple chargers are simultaneously switched on/off. 1712 

Special consideration should be given to fixed charging equipment where the main charge 1713 
has a pulsed current characteristic, given this equipment could significantly increase Pst 1714 
values. This recommendation also applies to chargers that have a maintenance charge 1715 
function, where the charge is delivered periodically to keep the vehicle battery ‘topped-up’ 1716 
after the main charge but whilst it is still connected to the charger. 1717 

8.6.3 EV on-board chargers 1718 

There is no particular requirement to assess flicker from EVs with on-board charging 1719 
equipment for plug-in connections ≤ 13 A given connections of individual equipment to LV 1720 
public electrical supply systems with typical supply impedances (see Table 7) have little 1721 
effect on flicker background levels. 1722 

Where the connection of individual EV on-board charging equipment to the LV system results 1723 
in flicker limits being exceeded, the network operator may require the customer to take steps 1724 
to prevent interference to other customers. 1725 

8.7 Wind turbine generators 1726 

Voltage fluctuations from wind turbines connected to the supply system, where the PCC is at 1727 
HV, should be measured and assessed using the methods in BS EN 61400-21. The 1728 
measurement procedures in BS EN 61400-21 are valid and may be used for wind turbines 1729 
connected via three-phases to the LV supply system. 1730 

The assessment should consider voltage fluctuations that would arise in continuous 1731 
operation and during switching operations. Calculations should be based on the power 1732 
quality information and type test data provided by the wind turbine manufacturer. 1733 

For assessing continuous operation of multiple wind turbines within a fluctuating installation, 1734 
an exponent of α = 2 may be used for summation of flicker severity. An exponent of α = 3.2 1735 
should be used for summation of flicker severity when assessing the effects of switching 1736 
operations of multiple wind turbines. 1737 

When assessing the connection of additional wind turbines to the PCC, steps should be 1738 
taken to avoid two wind farms performing switching operations at the same time.  1739 
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Where simultaneous switching operations can be avoided, no summation effects need to be 1740 
taken into account. Where the risk of simultaneous switching operations cannot be avoided 1741 
then the resultant voltage fluctuations should be studied and assessed. 1742 

Flicker caused by turbulence, wind gusts, tower shadow and oscillation during continuous 1743 
operation of wind turbines should be assessed, however, these are not expected to be 1744 
significant for modern Doubly-Fed Induction Generator (DFIG)/full converter connected wind 1745 
turbines. 1746 

When assessing voltage fluctuations caused by wind turbines, particular consideration 1747 
should be given to switching operations involving fixed speed wind turbine generators and to 1748 
the energisation of step-up transformers between the wind farm and the supply system. 1749 

The connection of the latest wind turbines, with rated powers > 3 MW are unlikely to result in 1750 
significant flicker when the resultant reduction in local supply system impedance is taken into 1751 
account. Where the rated apparent power of the wind turbine(s) (𝑆𝑆𝑛𝑛) is large compared with 1752 
the supply system initial symmetrical short-circuit power (𝑆𝑆𝑘𝑘" ), i.e. 𝑆𝑆𝑛𝑛  / 𝑆𝑆𝑘𝑘"  ≤ 3, flicker from the 1753 
wind turbine(s) may have a significant impact on flicker background levels. 1754 

In these cases, an emission limit of Pst ≤ 0.35 applies to calculated emissions, where the 1755 
actual flicker background level is unknown. Where the calculated emission limit is Pst > 0.35 1756 
but ≤ 0.5, more detailed assessments that take into account actual flicker background levels 1757 
should be carried out. 1758 

8.8 Photovoltaic (PV) installations 1759 

Inverter connected PV ≤16 A per phase should conform to the test requirements and limits in 1760 
BS EN 61000-3-3 and relevant recommendations in ENA Engineering Recommendation G83 1761 
[N1]. 1762 

When assessing flicker from PV installations, flicker severity should be evaluated for various 1763 
generation outputs from 0% to 100% at power factor conditions that are representative of 1764 
those likely to be encountered during operation. It is acceptable to assess flicker severity at a 1765 
constant power factor for PV installations that do not have reactive power control. 1766 

NOTE: Generally, residential small scale commercial PV installations export power at unity power factor. 1767 

Calculations of flicker should consider those requirements in BS EN 61400-21, for assessing 1768 
flicker severity from wind turbine generators, that can be applied to assessment of flicker 1769 
from PV installations. For example, the applicability of the method for assessing the impact of 1770 
changes to wind speed to assessing the impact of changes in solar energy. 1771 

For installations where multiple inverters are proposed, the acceptability of voltage 1772 
fluctuations arising from variations in generation output caused by changes in solar energy 1773 
levels should be assessed using a flickermeter simulation program. 1774 

Voltage fluctuations caused by the effect of moving clouds on generation output generally 1775 
result in ramp voltage changes, as opposed to step voltage changes. The effects of moving 1776 
clouds may be studied but they are unlikely to result in high flicker levels unless the supply 1777 
impedance at the PCC is untypically high. 1778 

The contribution of the customer’s own PV installation to the fault level at the PCC may be 1779 
considered, where calculated flicker is marginal with respect to flicker limits. 1780 
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8.9 Energy storage 1781 

The ability of energy storage to change rapidly between importing and exporting electrical 1782 
power has the potential to cause significant voltage fluctuations on the supply system. 1783 

Particular consideration should be given to energy storage providing a frequency response 1784 
function for the supply system as these schemes are designed to produce rapid power 1785 
swings, which could result in step voltage changes of significant magnitude. There is also a 1786 
very high probability of coincident power swings between such installations. 1787 

Energy storage which provides voltage control/reactive power support can result in small 1788 
frequent voltage fluctuations that could result in flicker. 1789 

Ramping of power changes will assist with meeting step voltage change limits and flicker 1790 
limits, where significant changes in power occur frequently such as energy storage with low 1791 
energy rating to power rating. Ramping of power changes is recommended to minimise 1792 
voltage fluctuations at the PCC. 1793 

Where necessary, charging and discharging rates should be limited so as to conform to the 1794 
voltage fluctuation limits in this EREC. 1795 

Energy storage used to balance load to generation can result in increased flicker levels due 1796 
to its response to a change in customer load and/or generation output. Systems that could 1797 
significantly increase flicker severity through large step voltage changes following step 1798 
changes in load or generation should be assessed as a complete system of generation, load 1799 
and energy storage. Further guidance can be found in ENA EREC G100 [9]. 1800 

8.10 Household equipment 1801 

8.10.1 High power household cooking appliances 1802 

Household cooking appliances with rated power > 2 kW but ≤ 4.5 kW may be connected 1803 
without individual consideration providing that they meet the technical requirements of BS EN 1804 
61000-3-3 and/or BS EN 61000-3-11, as appropriate (see 6.3.2.1). 1805 

8.10.2 Electrically heated instantaneous shower units 1806 

Although electric shower units have high rated powers, compared with most household 1807 
appliances, their load factor is so small that large numbers can often be accommodated 1808 
within the supply capacity of an LV network. However, large numbers of electric shower units 1809 
with the same PCC can cause unacceptable voltage fluctuations on LV networks and it is 1810 
necessary to regulate their rated power and/or operating characteristics. Electric shower 1811 
units which conform to the requirements of BS EN 61000-3-11 may be connected without 1812 
individual consideration (see 6.3.2.2). 1813 

  1814 
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8.11 Welding equipment 1815 

8.11.1 General 1816 

Welding equipment with a rated current ≤ 16 A per phase can be connected to the LV supply 1817 
system without further consideration providing it meets the requirements of BS EN 61000-3-1818 
3. 1819 

Welding equipment with a rated current > 16 A and ≤ 75 A per phase, not conforming to the 1820 
technical requirements in BS EN 61000-3-3, is subject to conditional connection in 1821 
accordance with BS EN 61000-3-11 and can only be connected to the LV public electricity 1822 
supply system under Stage 1 if the actual impedance of the supply system the equipment is 1823 
connected to meets the required value (see 6.3.2). 1824 

The following arc-welding and metal-heating plant applications are unlikely to cause 1825 
appreciable flicker problems on supply systems. 1826 

a) Welding equipment with a small rated power compared with that of the supply system 1827 
impedance, where any additional flicker caused by the welding equipment would be 1828 
insignificant with that of other large disturbing loads already connected to the PCC. For 1829 
example: argon-arc machines, atomic-hydrogen machines, wire welders, and 1830 
miscellaneous small metal-heating machines, such as rivet heaters, installed in 1831 
moderately large factories. 1832 

b) Welding equipment that presents a steady three-phase balanced load on the system for 1833 
long periods. For example: three-phase a.c./d.c. automatic wire-fed machines and three-1834 
phase a.c./d.c. nonferrous welders. 1835 

c) Welding equipment fed from motor generators which do not pose any appreciable flicker 1836 
problems for inherent physical reasons. 1837 

 1838 
The following characteristics of welding equipment are relevant to flicker severity and should 1839 
be considered in flicker assessments. 1840 

a) The magnitude of the sudden steps in welding current that can be imposed on the supply 1841 
system. 1842 

b) Whether the steps in welding current are two-level or multi-level. 1843 

c) The power factor of the load increments constituting these steps. 1844 

d) Distribution of the welding current in the phase conductors on the HV supply system. 1845 

e) The frequency of the resultant voltage changes. 1846 
 1847 
Where welding equipment is connected directly phase-phase at LV, the resultant phase-1848 
neutral voltage change50 can be calculated from the following equation. 1849 

  1850 

————————— 
50 The phase-neutral voltage is more appropriate since lighting is usually connected phase-neutral. 
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%∆𝑉𝑉 (𝑝𝑝𝑝𝑝𝑝𝑝 𝑘𝑘𝑉𝑉𝑘𝑘 𝑜𝑜𝑜𝑜 𝑤𝑤𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤𝑜𝑜𝑙𝑙𝑤𝑤) = 0.74 𝑅𝑅𝑠𝑠 + 0.68 𝑋𝑋𝑠𝑠   Equation 5 1851 

Where: 1852 

𝑅𝑅𝑠𝑠 is the resistance of the LV supply system in ohms 1853 

𝑋𝑋𝑠𝑠 is the reactance of the LV supply system in ohms 1854 

kVA refers to the manufacturer’s stated rated power 1855 

%∆𝑉𝑉 is in the normal range, i.e. 3% 1856 

Load power factor is 0.3 p.u. lagging 1857 

Each burst of welding current involves two voltage changes 1858 

Where welder equipment has a load power factor greater than 0.3 p.u. lagging, the voltage 1859 
drop on both the lagging phase and the leading phase should be calculated51. 1860 

Generally electric welding equipment is of the arc or resistance type. 1861 

8.11.2 Arc welding equipment 1862 

Arc welders are, generally, relatively low powered equipment which produce a step change 1863 
in the system voltage when the arc is struck and another step change when the arc is 1864 
broken. 1865 

Times between the striking and extinguishing of the arc can vary but are usually in the range 1866 
of several seconds to a few minutes. Problems with flicker severity are only likely to occur 1867 
when arc welding equipment is connected to a PCC on a ‘weak’ LV supply system. 1868 

8.11.3 Resistance welding equipment 1869 

Resistance welders, both due to their size and operating characteristics, can cause severe 1870 
voltage fluctuations over a wide area of the supply system. Consequently, every effort should 1871 
be made to check the full range of a resistance welder’s likely operating patterns. The 1872 
voltage changes that each of the pulse size/frequency patterns can cause should be checked 1873 
using a suitable assessment procedure (see 6.3). Where complex multi-level voltage 1874 
changes are involved, they should be assessed using a flickermeter or flickermeter 1875 
simulation program. 1876 

Where resistance welding equipment does not incorporate point-on-wave switching control, 1877 
the voltage change (%∆V) should be increased by Vm (see Equation 6) to allow for 1878 
magnetising in-rush. 1879 

————————— 
51 Further information on the flicker effects of welding plant, including frequency-changing transformer, d.c. and 

stored energy types, which are not dealt with by simplified assessment in Equation 5, can be found in ACE 
Report No 7. 
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%𝑉𝑉𝑚𝑚(𝑝𝑝𝑝𝑝𝑝𝑝 𝑘𝑘𝑉𝑉𝑘𝑘 𝑜𝑜𝑜𝑜 𝑤𝑤𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤𝑜𝑜𝑙𝑙𝑤𝑤) = 0.50 𝑅𝑅𝑠𝑠 + 0.87 𝑋𝑋𝑠𝑠  Equation 6 1880 

 1881 
Where: 1882 

𝑅𝑅𝑠𝑠 is the resistance of the LV supply system in ohms 1883 

𝑋𝑋𝑠𝑠  is the reactance of the LV supply system in ohms 1884 

kVA refers to the manufacturer’s stated rated power 1885 

 1886 
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Annex A  1887 
 1888 
 1889 

Connection of LV electric motors 1890 

 1891 

A.1 Motors that can be connected without reference to the network operator 1892 

Previous experience has shown that certain relatively small motors detailed in Table A.1 1893 
starting direct-on-line can be connected without consideration of flicker or RVC. 1894 

Table A.1.1 — Motors started very frequently1 1895 

Type Rated Power 
Output (kW) 

Rated Power 
Input (kVA) 

Single-phase 230 V ≤ 0.37 ≤ 1.0 

Single-phase 460 V ≤ 1.50 ≤ 3.0 

Three-phase 400 V ≤ 2.25 ≤ 4.0 

NOTES: 

1. Rated power output and rated power input relates to normal running. 

2. Motor rated power can be expressed as rated power output (kW) and/or rated power input (kVA) 

1 Very frequent means started at intervals less than one minute. 

 1896 

Table A.1.2 — Three-phase motors with the PCC not covered by (a) or (c) 1897 

Type Rated Power 
Output (kW) 

Rated Power 
Input (kVA) 

Single-phase 230 V ≤ 0.75 ≤ 1.7 

Single-phase 460 V ≤ 3.00 ≤ 4.5 

Three-phase 400 V ≤ 4.50 ≤ 6.00 

NOTES: 

1. Rated power output and rated power input relates to normal running. 

2. Motor rated power can be expressed as rated power output (kW) and/or rated power input (kVA) 

1 Very frequent means started at intervals less than one minute. 

 1898 
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Table A.1.3 — Three-phase motors with the PCC at the LV busbar of a distribution 1899 
substation 1900 

Distribution Transformer 
Rated Power (kVA) 

Rated Power 
Output (kW) 

200 22.5 

300/315 30.0 

500 45.0 

750/800 50.0 

1 000 75.0 

NOTES: 

1. Rated power output relates to normal running. 

2. Applies to motors started at intervals of 10 minutes or longer. 

 1901 

A.2 Three-phase motors with star-delta starting 1902 

Where star-delta starting is employed, LV motors of up to 1.5 times the rated powers given in 1903 
Table A.1.1, Table A.1.2 and Table A.1.3 may be accepted without consideration of flicker or 1904 
RVC. 1905 
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Annex B  1906 
 1907 
 1908 

Pst curves and shape factor curves 1909 

 1910 
 1911 
 1912 
 1913 
 1914 
 1915 
 1916 
 1917 
 1918 
 1919 
 1920 
 1921 
 1922 
 1923 
 1924 
 1925 
 1926 
 1927 
  1928 
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B.1 Pst curves 1929 

The following Pst = 1 curve has been replicated from Figure 2 of BS EN 61000-3-3. 1930 

 1931 

NOTE: ‘Clause 5’ in this figure refers to Clause 5 of BS EN 61000-3-3. 1932 

Figure B.1.1 — Curve for Pst = 1 for rectangular equidistant voltage changes1933 
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 1934 

a) Minimum time interval between voltage changes 1935 

Figure B.1.2 — Pst = 0.5 curve for rectangular voltage changes 1936 
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 1937 

 1938 

b) Maximum number of voltage changes per minute 1939 

Figure B.1.2 — Pst = 0.5 curve for rectangular voltage changes 1940 
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 1941 

Notes for Figure B.1.2 1942 

NOTE 1: The Pst = 0.5 curve is derived from the Pst = 1 curve in Figure A.1 of PD IEC/TR 61000-3-7, given the linear relationship between the value of Pst and the magnitude of 1943 
voltage change. For example: a 2% step voltage change that would give Pst = 1 equates to a 1% step voltage change at Pst = 0.5 at the same frequency of occurrence. 1944 

NOTE 2: The Pst = 0.5 curve has been deliberately capped at a maximum symmetrical step voltage change of 3% once every 475 secs given the simplified nature of assessment. 1945 

NOTE 3: % voltage change represents the magnitude of a relative voltage change with a rectangular (step) voltage characteristic expressed as a percentage of the nominal system 1946 
voltage (Vn). 1947 

NOTE 4: Figure B.1.2 replaces Figure 4 in P28 Issue 1. 1948 
  1949 
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B.2 Shape factor curves 1950 

The following shape factor curves have been replicated from Annex E of PD IEC/TR 61000-3-7 and Clause 6 of BS EN 61000-3-3. 1951 

 1952 

Figure B.2.1 — Shape factor curve for pulse and ramp changes  1953 
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 1954 

Figure B.2.2 — Shape factor curve for double-step and double-ramp changes  1955 
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 1956 
Figure B.2.3 — Shape factor curve for sinusoidal and triangular changes  1957 
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 1958 

 1959 

Figure B.2.4 — Shape Factor curves for motor-start characteristics having various front times 1960 
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 1961 

NOTE: Equivalent to Figure 3 in BS EN 61000-3-3. 1962 

Figure B.2.5 — Shape factor (F) for ramp type voltage characteristic 1963 
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Annex C  1964 
 1965 
 1966 

Simplified calculation to estimate voltage change due to inrush current 1967 

C.1 Introduction 1968 

Where it is necessary to estimate the approximate voltage change due to magnetising inrush 1969 
current, a simplified calculation (Equation C.1 in this Annex) can be carried out as a first step. 1970 

This calculation is not a substitute for detailed electromagnetic transient analysis but can 1971 
help to determine whether the magnitude of the initial voltage dip during energisation is 1972 
sufficiently close to the RVC limits as to warrant detailed electromagnetic transient analysis. 1973 

This calculation estimates the initial voltage change (decrease) only and does not give any 1974 
indication of the voltage characteristic of the voltage recovery. 1975 

If the estimated voltage change is well within the RVC envelopes (see 5.3.2), it is likely that 1976 
the energisation would be compliant with limits for RVC in this EREC. 1977 

This calculation is applicable to transformer energisation, motor start, and other inrush 1978 
currents with similar behaviour. 1979 

C.2 Simplified calculation 1980 

%∆𝑉𝑉 = 𝑚𝑚 × 𝑘𝑘 ×  𝑆𝑆
𝑆𝑆𝑏𝑏𝑠𝑠

× 100  Equation C.1 1981 

Where: 1982 

%∆𝑉𝑉 is the percentage voltage change 1983 

𝑚𝑚 is the ratio of peak inrush current to peak rated current 1984 

𝑘𝑘 is a factor to convert the peak value of the inrush current to a r.m.s. value 1985 

𝑆𝑆 is the rated power of the transformer or motor 1986 

𝑆𝑆𝑠𝑠𝑠𝑠 is the short-circuit power of the supply system 1987 

 1988 
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