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1.0 PREFACE 
 
This document has been prepared in accordance with the Electricity 
Distribution Code and forms part of Annex 1 of the Code. It applies to all 
Users of the Electricity Distribution System. 
 
The purpose of this document is to define limits for voltage fluctuations that 
can be permitted from customers’ equipment such that these do not cause 
nuisance to other nearby customers.  Typical equipment that is likely to 
cause voltage fluctuations are large motors, heating loads and furnaces.  
This document also outlines a 3 stage assessment process which should be 
used by Distribution Companies to assess the potential impact of disturbing 
loads prior to allowing connections to the distribution system.  The technical 
limits contained within this Engineering Recommendation are based on 
document P28 issued by the Energy Networks Association in the UK. 
 
 
2.0 DEFINITIONS 
 
For the purpose of this Engineering Recommendation the following 
definitions apply. All other definitions are as stated in the Electricity 
Distribution Code.  
 
Voltage Change: A single variation of the rms value or the peak value of the 
supply voltage (unspecified with respect to form and duration). 
 
Voltage Fluctuation: A series of voltage changes which may be regular or 
irregular.  [Note: a single variation or a series of variations of 10% or more of 
the rms voltage are termed voltage dips]. 
 
Flicker: Impression of fluctuating luminance occurring when the supply to 
an electrically powered light source is subjected to voltage fluctuation. 
 
Flicker meter: An instrument meeting the specification of IEC 868 which 
gives a measure of the visual severity of the flicker that would be caused by 
voltage fluctuations when applied to a 60W 230V tungsten filament lamp.  
The output of such a meter is termed the ‘flicker visibility’ and is calibrated 
such that 1 unit represents marginal flicker to 50% of observers. 
 
Short Term Severity Value Pst: A measure of the visual severity of flicker 
derived from the time series output of a flicker meter over a 10 minute 
period; this provides an indication of the risk of customer complaints. Its 
calibration is such that Pst =1 for any point on the limit curve of BS 5406 
part 3 (fig. 4A) for rectangular voltage changes of magnitude less than 3%.  
 
Long Term Severity Value Plt: A value derived from the short term severity 
values, Pst, in accordance with the  following formula: 
 



 

[Eng Rec No. 7 - Voltage Fluctuations v1.0a] Page 4 of 16 

 

  ∑
=

=

=
nj

j
stjlt P

nP
1

33 )(1
  

 
  Where n = number of Pst values in the time over which Plt is evaluated. 
  (in this recommendation a period of 2 hours is used i.e. n = 12) 
 
PCC (Point of common Coupling): the point on an Electricity Distribution 
Company’s system electrically nearest to a customer’s installation at which 
other customers’ loads are, or may be connected.  
 
 
 
3.0 INTRODUCTION 
   

3.1 Assessment process 
 
In order to assess potential voltage fluctuations caused by new loads this 
Engineering Recommendation uses a three stage approach whereby defined 
types of small loads, unlikely to cause problems, can be connected without 
detailed assessment and more complex loads are assessed in detail.  This 
approach aims to minimise the cost and time required for assessment both 
for the Distribution Company and the Customer.  
 
Stage 1 assessment and limits relate to smaller sizes of equipment which 
can be connected to defined parts of the supply system without individual 
consideration of flicker effects. 
 
Stage 2 assessment and limits relate to the acceptance of new disturbing 
loads which are likely to cause a short term flicker severity of Pst ≤ 0.5. There 
is no requirement to check existing back ground flicker severity at the PCC. 
 
Stage 3 assessment and limits apply to new disturbing loads where limits 
under stage 2 are exceeded. A full assessment of existing and projected 
flicker severity is required. Background levels are included in the 
assessment and the resulting flicker severity must be less than the stage 3 
limits. 
 
Where it is shown that the expected flicker severity due to a new load will 
exceed the recommended upper limits, remedial action can take the form of 
changes in the system arrangement so as to vary the short circuit level, or 
changing the PCC with other customers.  Alternatively, for some types of 
distribution loads, compensation equipment can be installed so as to limit 
the resultant voltage fluctuation to an agreed acceptable value. The extra 
cost of such remedial action should be borne by the customer owning the 
new load concerned.  
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3.2 Basis of Limits  
 
The limits used in this Engineering Recommendation have been set to allow 
the maximum utilization of the supply system’s capacity to accept 
fluctuating loads without an excessive risk of causing nuisance or other 
adverse affects to customers. 
 
Tungsten filaments lamps have historically been taken as a reference for 
flicker that is noticeable to the human eye and this recommendation uses 
limits based on this phenomena.  The affect of flicker on fluorescent and 
other types of discharge lighting has not been studied in detail but it is 
expected that problems will not occur if flicker levels are kept within the 
limits of this Engineering Recommendation. 
 
A 3% general limit on the allowable magnitude of voltage changes, regardless 
of shape, caused by fluctuating loads has been adopted even though voltage 
changes in excess of 3%, if of sufficiently low frequency, may not give rise to 
flicker severity levels (Pst) in excess of the limits in this recommendation. 
 
In certain cases where special circumstances apply, the DISCO may at its 
discretion, allow larger voltage changes to occur, e.g. continues process 
plant where the larger motors are only started once in several months. Such 
cases must be reported to the Bureau.  
 
 

3.3 Influence of system impedance on voltage fluctuations 
 
Some parts of this recommendation require knowledge of the system 
impedance in order to calculate the magnitude of voltage changes or the 
severity values at the PCC. 
 
The fault level provides a readily available measure of the system impedance 
through which the fluctuating load is supplied and enables an estimate to be 
made of the voltage fluctuation resulting from load variations. In estimating 
the voltage fluctuation which will be imposed on the supply to other 
customers, only the conditions from the supply source up to the PCC need 
be taken into account.   
 
For a balanced 3-phase systems the voltage drop at the PCC can be defined 
as: 
 

  %100.
1000S
mVdrop =  

 
 Where:  S is the short circuit level in MVA 

and   m is the load change in KVA. 
 
 
It will be noted that this expression implicitly assumes that the power factor 
of the load is equal to the resistance / impedance ratio of the source 
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impedance up to the PCC. This is the worst possible condition. Appendices B 
and C of the UK document P28 give examples of a more accurate calculation 
of voltage changes for cases where this may be required. 
 
 

3.4 The combination of disturbances from various sources. 
 
It has been shown by experience that the cumulative affect of several flicker 
producing loads is normally limited by the diversity experienced between 
customer loads and the timing of actual flicker events  (i.e. it is unlikely for 
short flicker events to occur at the same instant from two unrelated loads).  
In general the limits used in this Engineering Recommendation allow for the 
possibility of other flicker producing loads being introduced after a new load 
has been assessed and accepted.   Where there is concern that 2 or more 
flicker producing loads may be directly additive the method described in 
Appendix A of P28 should be used to derive an overall flicker severity value 
Pst.  An example of such a situation could be where two adjacent factories 
are using electric furnaces or other large equipment with the same operating 
characteristics and running times. 
 
 
 
 
4.0 STAGE 1 ASSESMENT 
 

4.1 Household appliances and similar equipment <16A per 
phase conforming to BS5406 part 3. 

 
Household appliances and similar equipment with an input current of <16A 
per phase may be connected without reference to the DISCO  if they conform 
to BS 5406 part 3.  This standard defines a limit curve of the magnitude of 
step voltage changes against time between occurrences for automatically 
controlled household and similar appliances when measured against a 
phase-neutral loop impedance of 0.4 + j0.25 ohm or 3-phase impedance of 
0.24 + j0.15 ohm per phase .   
 
Although the scope of BS 5406 is limited to household and similar 
equipment it is recommended that all equipment with rated input current of 
<16A should be assessed using the procedure from BS 5406. 
 
 

4.2 Special consents (stage 1 procedure) 
 
Certain types of equipment which are outside the scope of BS 5406 such as, 
electric heaters, boilers, heat pumps, shower units etc or equipment rated 
above 16A per phase may be given special consent by the DISCO.  This 
allows for common types of high capacity equipment which are unlikely to 
cause voltage fluctuations to be connected without detailed assessment but 
these must be specified by the DISCO.   Where the DISCO has not identified 
any equipment types for which a special consent has been provided then all 
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loads/equipment not covered by item  4.1 above must be assessed under the 
stage 2 procedure.  
 
 

4.3 Electric Motors 
 
The following types of direct-on-line LV Motors, which are small enough to 
be unlikely to cause flicker problems, can be connected under stage 1 
without detailed assessment.  
 
 
(a) Frequent starting (less than 1 minute intervals) 
 
 

Normal rating  
expressed in terms of either: 

 

Type 

Output kW Input kVA 

Single phase 
230V 

0.37 1.0 

Single phase 
480V 

1.50 3.0 

3 phase 400V 2.25 4.0 

 
 
(a) Infrequent starting (more than 1 minute intervals) 
 
 

Normal rating  
expressed in terms of either: 

 

Type 

Output kW Input kVA 

Single phase 
230V 

0.75 1.7 

Single phase 
480V 

3.0 4.5 

3 phase 400V 4.5 6.0 
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5.0 STAGE 2 ASSESSMENT 
 

5.1 General 
 
It is anticipated that the majority of applications to connect loads which do 
not come under the Stage 1 procedure will be evaluated using the procedure 
explained in this section. The procedure is applicable to most equipment 
which causes step voltage changes as shown in figure 1 or ramp voltage 
changes as shown in figure 2 or simple combinations of these two types. 
Stage 2 also covers the forms of voltage changes caused by motor starting as 
shown in figure 3.  It should be noted that short transients caused by motor 
starting (i.e. less that 30ms) are not considered to be a voltage fluctuation 
and are therefore ignored (see figure 3). 
 
Under the Stage 2 procedure, individual loads which cause a short term 
flicker severity Pst ≤ 0.5 when assessed using the applicable supply 
impedance at the PCC can be connected without further assessment.  
 
Figure 4 gives limits for the size and time between step voltage changes such 
that all points on or below the curve have a short term severity value of Pst ≤ 
0.5.   Since ramp voltage changes are less noticeable in terms of flicker than 
step voltage changes of the same size, figure 5 provides a simple means of 
converting the time between ramp voltage changes into the equivalent time 
between step voltage changes of the same size.  
 
The limit of Pst ≤ 0.5 which is used for Stage 2 does not represent the 
maximum tolerable flicker severity for the supply system but is a value 
which generally allows individual items of equipment which comply to be 
connected without the need for on site measurement of flicker severity.  The 
limit takes into account the possibility of other loads contributing additional 
flicker levels at the PCC as discussed under   3.4 above.  
  
 

5.2 Stage 2 assessment techniques 
 
Under the Stage 2 procedure no on-site measurement of the flicker severity 
at the PCC is necessary. However an assessment of the expected flicker must 
be made, either by software simulation, by calculation or by measurement, 
described as follows: 
 

5.2.1 Software simulation 
 

Under this procedure the pattern of voltage changes caused by the load is 
calculated using the expected load profile characteristic and the system 
impedance value at the PCC.  A suitable software programme from those 
commercially available is then used to convert the typical voltage change 
pattern expected from the load into corresponding values of flicker 
severity Pst.  The resulting value should be ≤ 0.5. 
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5.2.2 Memory-time calculation method 
 
For simple combinations of step and/or ramp type voltage changes the 
short term flicker severity can be calculated by observing the worst 
10 minute operating period of a fluctuating load and calculating as 
follows: 
 
(a) from figure 4 read the minimum time interval allowed for each voltage 

change over the worst 10 minute of the load cycle.  E.g. a step voltage 
change of 1% would be allowed every 20 seconds; a ramp voltage 
change of 2%, with a 0.5 second width would be allowed every 8.8sec 
(200sec x 0.044 ramp factor from figure 5). 

 
(b) Take the sum of the allowed times for all the voltage changes within 

the worst 10 minutes of the load cycle (28.8 sec in the above 
example). 

 
(c) If the actual load cycle is longer than the time calculated in (b) above 

then the connection is allowed. 
 
 

5.2.3 Flicker meter method 
 

If the load to be investigated is already installed or can be supplied 
temporarily then a flicker meter can be used to monitor the actual voltage 
fluctuation over a period of time.  The flicker meter should be calibrated 
according to IEC868 and the measured value of Pst should be ≤ 0.5.  If 
the flicker meter is used at a test location the values can be transferred 
to another location (e.g. final location of the equipment) by using the 
following formula:   
 
 

   
0

1
01 .

D

D
stst
V
VPP =    

 
  where:  VD0 = magnitude of voltage change where Pst0 was measured 
 VD1 = magnitude of voltage changes caused by the same load 

at the location where Pst1 is required 
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Figure 1: Step voltage change

Figure 2: Ramp voltage change

Figure 3: typical voltage change due to motor starting
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Figure 4  RECOMMENDED TIME LIMIT FOR THE SIZE 

OF STEP VOLTAGE CHANGES WITH 
RESPECT TO THE TIME BETWEEN CHANGES
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Figure 5  MULTIPLICATION FACTOR FOR DERIVING THE MAXIMUM 
TIME BETWEEN RAMP TYPE VOLTAGE CHANGES FROM 
THE STEP CHANGE LIMITS IN FIGURE 4

Minimum time between voltage changes = TIME (from figure 4) x TIME MULTIPLICATION FACTOR

0.03 0.1 0.30.04 0.2

0.08

0.1

0.06

0.04

0.03

0.02

0.01

0.05

0.4

0.3

0.2

0.7

0.6

0.5

1.0

0.8

0.06 0.08 0.4 0.6 0.8 1.0 2.0

RISE / FALL TIME  (seconds)

TI
M

E 
M

U
LT

IP
LI

C
A

TI
O

N
 F

A
C

TO
R

Figure 5  MULTIPLICATION FACTOR FOR DERIVING THE MAXIMUM 
TIME BETWEEN RAMP TYPE VOLTAGE CHANGES FROM 
THE STEP CHANGE LIMITS IN FIGURE 4

Minimum time between voltage changes = TIME (from figure 4) x TIME MULTIPLICATION FACTOR



 

[Eng Rec No. 7 - Voltage Fluctuations v1.0a] Page 13 of 16 

6.0 STAGE 3 ASSESSMENT 
 

6.1 Stage 3 limits 
 
Where expected voltage fluctuations exceed Stage 1 and 2 levels, it may still 
be possible to connect the load after a detailed analysis of existing severity 
levels and an assessment of the additional effects of the new and future load. 
 
Information should first be obtained on the level of background flicker using 
a flicker meter during the times the proposed load is likely to be in 
operation. 
 
The short term severity values (Pst) of the new load should be found either 
from known values derived from previous tests, from scaled characteristics 
of similar loads or by using a flicker meter simulation program which can 
derive Pst from given theoretical or measured voltage change patterns (see 
methods described for stage 2 – section  5.2). 
 
The Pst values of the new load (and any known future load) should then be 
superimposed on the background Pst values using the method given in 
Appendix A of the UK document P28.  The resultant long term severity 
values, Plt may then be calculated (see definitions for formula).  The limits for 
both Pst and Plt in Table 1 should not be exceeded.  
 
 

Table 1: Stage 3 limits for Short Term Severity Values Pst  
and Long Term Severity Values Plt 

     
 

Supply System Voltage 
at PCC 

 
Pst Absolute 

Maximum Value 

 
Plt 

(integrated value in any 
two hours) 

 

132 kV and below 1.0 0.8 

 
 
 

6.2 Special considerations under stage 3 
 
The following points should be noted regarding the application of Table 1 in 
any stage 3 assessment: 
 

(a) The limits of table 1 apply to any point on the distribution system (up 
to 132kV) but the flicker measurements should be taken at the point 
where they are likely to be most severe. This would normally be at the 
PCC with other customers.  However, where the PCC is at 33kV or 
above it may be the case that flicker levels are highest on a lower 
voltage part of the network and this possibility should also be 
checked. 
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(b) Attention is drawn to section  3.3 which explains the system 
impedance to be used in assessing Pst and Plt.  In particular due 
consideration should be given to the higher system impedance 
occurring during abnormal network running arrangements or outage 
conditions; such conditions may give rise to flicker levels above those 
predicted / measured for normal network conditions. 

 
(c) Since lighting is generally connected as single phase, and is the type 

of load most prone to flicker, the assessment of flicker levels should 
be made for all phases.  

 
(d) Assessment using a flicker meter should be over a sufficient period of 

time to capture the worst 2 hours of a load operating cycle.  If the 
equipment is not connected to a ‘clean’ flicker free supply then the 
level of background flicker should be deducted using the method in 
Appendix A of the UK document P28. 

 
(e) Where a load is assessed to have flicker values close to the limits of 

table 1 the local network should be regularly monitored by the DISCO 
(e.g. every year).  This will ensure that other fluctuating loads are not 
connected to the same PCC in the future so as to cause the overall 
flicker levels to rise above the limits of Table 1.  It is also 
recommended for loads assessed under stage 3 to be kept in a record 
by the DISCO.  

 
 
 
7.0 SUMMARY 
  
The following diagram summarises the assessment process described in the 
preceding sections: 
 
 
 
 
 
 



 

[Eng Rec No. 7 - Voltage Fluctuations v1.0a] Page 15 of 16 

 
 
 
 
 
 
 
 

Start

Stage 1

No Connection
possible
without

mitigation

Rated 
load <16A

Complies with 
BS5406

Subject to
special consent

from DISCO
Small motor 

complying with
4.3 

Stage 2

5.2.1
software

simulation

Calculate
Plt

Pst and Plt
less than stage 3

limits (table 1)

Connect to network

Combine  Pst for
load with

background levels

Find Pst for
load as in 

stage 2 (5.2)

DISCO 
determines 
background 

levels

Stage 3

KEY:
Plt - long term flicker severity
Pst - short term flicker severity
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