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ABSTRACT 

Given the ongoing changes in power systems at all 

voltage levels, such as the increase of power-electronics 

based generation and storage, fair and justifiable 

methods to determine emission limits for disturbing 

installations in the planning stage become emerging 

challenges in the field of power quality. The present 

versions of the relevant IEC reports do not yet consider 

these fundamental changes. As consequence the joint 

working group CIGRE C4.40/CIRED was established 

about three years ago in order to update the IEC reports 

regarding the new developments and challenges. This 

paper presents an overview of the envisaged 

modifications and extensions which have been developed 

by the working group. It shall serve as basis for 

discussing them with relevant stakeholders, to get 

valuable input for the finalization of the work, and to 

ensure a larger acceptance of the developed reports. 

INTRODUCTION 

Setting adequate emission limits for customer 
installations is an important requirement to ensure 
electromagnetic compatibility (EMC) at all voltage 
levels. For customer installations connected to medium 
voltage (MV), high voltage (HV) and extra high voltage 
(EHV) networks, methods for the determination of 
emission limits are provided in IEC 61000-3-6 [1] for 
harmonics, in IEC 61000-3-7 [2] for voltage fluctuations 
and flicker, and in IEC 61000-3-13 [3] for unbalance. For 
customer installations connected to the low voltage (LV) 
network, all disturbance phenomena are covered by IEC 
61000-3-14 [4]. The last revision of those technical 
reports dates back to more than 10 years ago. 

Since the last revision of the reports, the power system 
has faced and still faces significant changes. The 
transition from “classical” generation by synchronous 
generators towards power electronics based generation 
requires them to be included in the allocation process 
because they act as disturbance sources similar to 
consumers. Moreover, the increasing number of storage 
systems, which can be either generator or consumer, has 
to be included in the allocation as well. Most of the 
networks have been developed over a long time and 
existing background levels might not always correspond 
to the ones expected based on the existing utilization by 
consuming installations. Therefore, a more flexible 
approach also taking the existing emission levels at the 
point of connection of a customer installation into 
account are required in order to optimize the utilization of 

the networks without exceeding the planning levels. The 
planning levels themselves are derived by sharing the 
compatibility level between the different voltage levels. 
Presently three voltage levels (LV, MV, HV/EHV) are 
distinguished, which does not always correspond to the 
particular situation. Especially in the case where EHV is 
operated by a different system operator than HV, 
individual planning levels and shares are needed for both 
system operators. In addition to the need for an increased 
flexibility of the allocation methods, it is also important 
to keep them fairly simple in application. This means not 
only the complexity of the calculations, but also the clear 
definition and easiness to obtain the required input data. 

In order to update the technical reports with respect to 
these challenges and to include the experiences of 
transmission system operators (TSOs) and distribution 
system operators (DSOs) with the present editions of the 
reports, the joint working group CIGRE C4.40/CIRED 
with the title “Revision to IEC technical reports 61000-3-
6, 61000-3-7, 61000-3-13 and 61000-3-14” was 
established in 2015. It consists of 26 active members 
representing all relevant stakeholders, including TSOs, 
DSOs, consultants, and academics. After 12 meetings, the 
modifications and extensions to the reports have been 
agreed to in the working group and are in the process of 
being finalized. It is expected that the final report of the 
working group will be delivered at the end of 2019. 

The aim of this paper is to describe the envisaged 
modifications and extensions in order to stimulate the 
discussion with relevant stakeholders and prospective 
users of the reports. The next section will provide a 
general description of the allocation mechanism followed 
by a systematic overview of the planned modifications 
and extensions, while the following sections will discuss 
the most important ones in more detail. The paper closes 
with a brief summary of open issues that have been 
identified by the working group, but which will not be 
addressed in the current revision because further research 
is required. 

SOME BACKGROUND 

General allocation principle 

The EMC concept is based on the probabilistic 
coordination between the disturbance level, which is a 
result of the emission of all connected devices and 
installations, and the immunity levels of these devices 
and installations. The compatibility levels serve as 
reference for this coordination. Disturbance levels must 
not exceed the compatibility levels most of the time 
(about 95 %), while immunity levels should always be 
higher than them. Usually the locations with highest 
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disturbance levels correspond to the furthest ends of 
feeders in LV systems. Customer devices and 
installations can be connected to all voltage levels. 
Consequently, the available compatibility level has to be 
shared in a first step between the existing voltage levels 
and in a second step between the customer installations 
within each voltage level. 

The general principle of sharing the compatibility level 
between voltage levels is represented in Fig. 1 using 
harmonics as example. For each voltage level, a part of 
the compatibility level Ch which is called the global 
contribution Gh is determined in such a way that the sum 
of the global contributions of all voltage levels equals the 
compatibility level in the LV network. For the other 
network levels (MV, HV, EHV) a so-called planning 
level Lh is introduced which corresponds to the sum of 
the global contribution Gh of the considered voltage level 
and all upstream ones. If customer installations are 
connected to each voltage level, the relation between 
planning levels and compatibility level must meet 
 

 𝐿h EHV < 𝐿h HV < 𝐿h MV < 𝐶h LV (1) 

 
The determination of the global contribution and the 

resulting planning levels is a complex task and has to 
consider the mechanism of summation of emission of 
multiple customer installations (diversity, concurrency) 
as well as their propagation in the network. While 
compatibility levels for (public) LV networks are defined 
in IEC 61000-2-2 [5], recommendations for planning 
levels are provided in the respective IEC reports. Even if 
discussions within the work group have revealed some 
justification for a revision of these recommended 
planning levels, due to the lack of reliable knowledge it 
has been decided not to modify them in this revision. It 
should be noted that the described principle can be 
applied in a similar way to each other disturbance 
phenomena as well as to network configurations with 
different numbers of voltage levels. 

 

Determination of emission limits 

In order to determine the emission limit for an 
individual customer installation, the IEC reports 
recommend a three stage approach. In the case where the 
contracted/agreed power of the customer installation is 
very small, no significant impact is expected and the 
connection is approved without further calculations 
(stage 1). 

If the customer installation is larger, emission limits are 
calculated by sharing the global contribution of the 
considered voltage level between all customer 
installations expected to be connected to this voltage 
level (stage 2). This share is based on the ratio of 
contracted power of the customer installation and the 
total available connection capacity regarding the 
considered network disturbance.  Stage 3 enables the 
system operator to allocate to a customer installation a 
higher emission limit than the one calculated in stage 2 
based on specific circumstances and information (e.g. full 
utilization of the connection capacity is never expected). 

Summary of changes 

Because the four Technical Reports [1-4] follow the 

same general philosophy, the majority of the proposed 

changes will impact each technical report in the same 

way. The major proposed changes are: 

 Energy producing installation will be accommodated 

using weighting factors which allow different types 

of installations to be assigned different limits. While 

specific weighting factors will not be given in the 

reports, guidance on the ramifications of various 

choices will be provided. 

 The practical reality of have existing networks with 

disturbance levels already exceeding the target levels 

will be addressed through the concept of remainder 

allocation. This concept will require a measurement 

campaign so as to assess the existing level, and new 

limit allocations will be based on the remaining 

difference between the actual level and the expected 

 
Fig. 1: Simplified schema of allocation principle using harmonics as example 

(C – compatibility level; L – Planning level; G – Global contribution) 
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level which should be present based on the existing 

degree of network utilization 

In addition to these changes for all four Technical 
Reports, the concept of voltage droop will be introduced 
to provide a simplified allocation procedure for LV 
networks [4]. The approach is based on the fact that the 
same characteristics of the network and the installations 
affect both steady-state voltages and disturbance levels. 
While this approach could also be used in MV, HV, and 
EHV networks, it would become considerably more 
complex.  For this reason, the Working Group is only 
considering including it in an informative annex in [1-3]. 

CONSIDERATION OF ENERGY-

PRODUCING INSTALLATIONS 

Generating installations, especially those based on 
power electronics, can act as sources of disturbances and 
have to be considered in the determination of the hosting 
capacity St, which is a major parameter for the allocation 
procedure. Weighting factors enable the user to treat 
generating installations equal to consuming installations 
or to set tighter emission limits for generating 
installations. 

The general concept is illustrated in (2) for a system 
containing two types of installations, those producing 
energy, “p,” and those consuming energy, “c.” Note that 
additional types of installations, such as storage or 
conditioning/compensation, could be included with the 
use of additional weighting factors. 
 

 𝑆𝑡 = 𝜆𝑐𝑆𝑐 + 𝜆𝑝𝑆𝑝 (2) 

 
With the enhanced definition of St, the limit allocation 

process proceeds along the traditional path as shown in 
(3) where E is used to denote the emission limit to be 
determined for a particular type “x” of installation i (“c” 
or “p” in (2)), G is the total allowable disturbance level to 
be allocated (global contribution in Fig. 1), and  is the 
summation law exponent appropriate for the specific 
disturbance being considered. This approach is consistent 
across the four technical reports [1-4]. 
 

 𝐸𝑖 = 𝐺 ∙ √(
𝜆𝑥𝑆𝑖

𝑆𝑡
)

𝛼
 (3) 

 
It is important to recognize that different political or 

regulatory realties can be accommodated by the choice of 
weighting factors used. For example, using the same 
weighting factor for both energy consuming installations 
(traditional loads) and energy producing installations 
(new sources) results in each type being treated equally in 
the allocation process. Choosing a lower weighting factor 
for one type of installation would result in a lower 
allocation for that type of installation, which means 
stricter limits. In the case of unequal weighting factors 
and installations which contain both consuming and 
producing equipment, it is possible to split the installation 
in separate parts and treat each part individually. In such 
a case, the total emission limit for the installation would 
be found by using the appropriate summation law to 
combine the limits for each part of the total installation. 

CONSIDERATION OF EXISTING 

BACKGROUND DISTURBANCE LEVELS 

Several cases have been reported where the measured 
disturbance levels in networks already exceed the target 
values according to the allocation methodology. In order 
to maintain envisaged planning levels, the determination 
of emission limits for new installations should 
consequently consider the remaining disturbance level 
which exists below the planning level. For this purpose, 
the existing allocation method has been extended by the 
possibility to take measured emission levels into account. 

The general concept of remainder allocation is based on 
the difference between the existing disturbance level, 
which can be measured, and the level which should be 
present if all existing network users were operating at 
assigned limits determined in accordance with the 
allocation principles in [1-4]. If  

a. the network is fully utilized,  
b. all user limits are determined based on [1-4], and 
c. all users are producing disturbances at their 

assigned limit levels, 

then the measured disturbance level, also referred to as 
the background level, would be equal to the planning 
level. In practice, however, any one or more of these 
conditions may not be true which could lead to an actual 
measured background level being either less than or 
greater than the intended value. 

Ignoring the possible differences between different 
types of installations, (3) can be simplified as shown in 
(4) for the i

th
 installation. 

 

 𝐸𝑖 = 𝐺 ∙ √(
𝑆𝑖

𝑆𝑡
)

𝛼
 (4) 

 
If each installation i is producing a disturbance equal to 

its assigned limit value Ei, the expected total disturbance 
level Eexp of N existing installations, the so-called target 
level, can be determined using the summation law as 
shown in (5) where Sact represents the sum of the agreed  
powers Si of all N installations. 
 

 𝐸𝑒𝑥𝑝 = √∑ 𝐸𝑖
𝛼𝑁

𝑖=1
𝛼

 (5a) 

 

 = √∑ (𝐺 ∙ √(
𝑆𝑖

𝑆𝑡
)

𝛼
)

𝛼
𝑁
𝑖=1

𝛼

 (5b) 

 

 = 𝐺 ∙ √
1

𝑆𝑡
∑ 𝑆𝑖

𝑁
𝑖=1

𝛼
   (5c) 

 

 = 𝐺 ∙ √
𝑆𝑎𝑐𝑡

𝑆𝑡

𝛼
 (5d) 

 
The target level could be greater than or less than the 

actual measured background level in the network. In the 
case that the measured background level is less than the 
target level given by (5), one or more network users is not 
operating at their assigned limit. In this case, emission 
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limit allocation for future network users can follow the 
existing procedures in [1-4], as put simply in (4), without 
any additional risk of compromising overall EMC. In the 
case where the measured background level is greater than 
the target level, further use of (4) could lead to EMC 
coordination failure. In this case, it is necessary to modify 
(4) so that the total amount to be allocated among future 
users, denoted by G in (4) where all past and future users 
are considered, is the difference between the existing 
measured level, considered to be the background level B, 
and the established planning level L. Of course, the 
summation law with the appropriate exponent must be 
used to calculate this difference as shown in (6). 
 

 𝐺𝑟𝑒𝑚 = √𝐿𝛼 − 𝐵𝛼𝛼
 (6) 

 
The emission limit for the i

th
 (future) user can be 

determined as shown in (7) using the remainder from (6). 
Note that the allocation for future users is based on their 
size relative to the remaining capacity of the network, 
Srem=St-Sact where Sact is the actual (total) power utilized 
in the network for all existing users. Of course, different 
types of installations can be accommodated using 
weighting factors as previously described. 
 

 𝐸𝑖 = 𝐺𝑟𝑒𝑚 ∙ √(
𝑆𝑖

𝑆𝑡−𝑆𝑎𝑐𝑡
)

𝛼
 (7) 

 
It is important to realize that there is a possible 

exception to the basic concept of (6). This exception is 
best visualized considering a limit allocation application 
in a MV network which is supplied by an upstream HV 
network. It is possible that the background level is lower 
than the target level of (5) due to under-utilization of the 
upstream HV supplying network combined with an over-
utilization of the MV network where the allocation is 
being performed. In this case, it is necessary to assess the 
existing disturbance levels in both the upstream HV 
supplying network and the MV network where the 
allocation is being performed and to eliminate the impact 
of the upstream network level(s) from (6). In situations 
where upstream assessments are not practical, a 
conservative assumption would be to assume the 
upstream level is equal to the appropriate planning level. 

LIMIT ALLOCATION BASED ON VOLTAGE 

DROOP FOR LV NETWORKS 

The present allocation procedure for LV networks in 
IEC 61000-3-14 [4] is complicated and requires very 
detailed knowledge about the network and the existing 
customers, which is often not available to the DSO or 
requires significant efforts to obtain. Taking the typical 
topology of LV networks into account (radial networks 
with a single infeed), an alternative simplified allocation 
method is proposed by the working group. It is much 
easier to apply and fits better to the needs of the DSOs. 

The method is based on the concept of voltage droop 
which is defined to be the total voltage drop from the 
source to the most remote load, not including any voltage 
regulation equipment. In purely radial systems, this most 
remote load will have the lowest voltage and therefore 
the greatest voltage droop. 

While it is possible to use a load flow program to 
determine the actual voltage droop, a generally 
conservative estimate of 30% is recommended. This 30% 
droop would correspond to an actual (lowest) voltage of 
70% assuming a source voltage of 100%. Of course, the 
actual voltages throughout the network would be 
regulated, but this regulation is intentionally ignored in 
the droop concept. Each network user contributes to the 
total droop in a known way directly related to their size, 
the network topology, and the network impedances. The 
simplified disturbance limit allocation procedure is based 
on these same facts—each user contributes to the total 
disturbance level based on these same three quantities. 

In a radial network topology with no lateral taps or 
branches, the voltage drop produced by any user along 
the feeder will appear in total at the end of the feeder. The 
summation at the end of the feeder of the contributions of 
all users gives the total voltage drop which is, by 
definition, the voltage droop when all voltage control 
equipment is ignored. This voltage droop Vd can be 
expressed as shown in (8) where Vd,i is the contribution of 
the i

th
 installation to the droop, Zi is the Thevenin 

impedance at location i, and Ii is the current of the i
th

 
installation calculated based on its agreed power Si. 
 

 𝑉𝑑 = ∑ 𝑉𝑑,𝑖
𝑁
𝑖=1 = ∑ 𝑍𝑖𝐼𝑖

𝑁
𝑖=1  (8) 

 
It is customary for disturbance limits for installations to 

be proportional to their size as shown in (9) where EI,i is 
used to denote the disturbance current limit for the i

th
 

installation. 
 

 𝐸𝐼,𝑖 = 𝑘𝑎𝐼𝑖  (9) 
 

Ignoring diversity and cancellation, disturbance 
voltages produced by these disturbance currents will 
combine in the manner shown in (10) and (11) for 
harmonics and voltage fluctuations (flicker), respectively. 
In (10) for harmonics, the impedance is assumed to be a 
linear function of harmonic order h based on the 
assumption of no resonance being present or, if one 
exists, that it has been mitigated. For both disturbance 
types, of course the requirement is to keep the total 
disturbance level equal to or below the compatibility 
level C in the LV network. 
 

 𝐶ℎ = ∑ 𝑉ℎ,𝑖
𝑁
𝑖=1 = ∑ ℎ𝑍𝑖𝑘𝑎,ℎ𝐼𝑖

𝑁
𝑖=1 = ℎ𝑘𝑎,ℎ ∑ 𝑍𝑖𝐼𝑖

𝑁
𝑖=1  (10) 

 

 𝐶𝑃𝑠𝑡 = ∑ 𝑉𝑃𝑠𝑡,𝑖
𝑁
𝑖=1 = ∑ 𝑍𝑖𝑘𝑎𝐼𝑖

𝑁
𝑖=1 = 𝑘𝑎 ∑ 𝑍𝑖𝐼𝑖

𝑁
𝑖=1  (11) 

 
At each harmonic, and at the power frequency for 

voltage fluctuations (flicker), (10) and (11) can be solved 
to determine the coefficient ka by recognizing the final 
summation is equal to the droop as shown in (8). The 
results are shown in (12) and (13). 
 

 𝑘𝑎,ℎ =
𝐶ℎ

ℎ ∑ 𝑍𝑖𝐼𝑖
𝑁
𝑖=1

=
𝐶ℎ

ℎ𝑉𝑑
 (12) 

 

 𝑘𝑎 =
𝐶𝑃𝑠𝑡

∑ 𝑍𝑖𝐼𝑖
𝑁
𝑖=1

=
𝐶𝑃𝑠𝑡

𝑉𝑑
 (13) 
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Using established compatibility levels C and the 
assumed droop voltage of 30%, the coefficient ka can be 
easily calculated. With ka known, disturbance current 
limits can be established as shown in (9) from which 
disturbance voltage limits can be specified based on 
EV,i=EI,i*Zi where the impedance is modified based on 
frequency in the case of harmonics. 

If diversity and cancellation are included using the 
appropriate summation law, the development is 
significantly more complicated. The final result is that the 
coefficients ka are as shown in (14) and (15) and each 
installation is given the voltage disturbance limit as 
shown in (16) and (17). The summation law exponent 
=3 is assumed (and included in (15) and (17)) for 
voltage fluctuations (flicker). 
 

 𝑘𝑎,ℎ =
𝐶ℎ

ℎ𝑉𝑑

(
1
𝛼)

 (14) 

 

 𝑘𝑎 =
𝐶𝑃𝑠𝑡

𝑉𝑑

(
1
3)

 (15) 

 

 𝐸ℎ,𝑖 = ℎ𝑘𝑎,ℎ(𝐼𝑖𝑍𝑖)
(

1

𝛼
)
 (16) 

 

 𝐸𝑃𝑠𝑡,𝑖 = 𝑘𝑎(𝐼𝑖𝑍𝑖)
(

1

3
)
 (17) 

 
With a known compatibility level and voltage droop 

value, ka and the resultant emission limit E in terms of 
voltage can be easily determined. Because only the 
installation current (size) and Thevenin (short-circuit) 
impedance are needed, this proposed methodology based 
on the voltage droop concept is considerably more simple 
than the techniques presently contained in [4]. 

CONCLUSIONS 

This paper describes the present status of the joint 
CIGRE/CIRED working group C4.40, which deals with 
the revision of the IEC Technical Reports for 
determination of disturbance emission limits for customer 
installations. Due to the evident changes and challenges 
in today’s power systems, an update of the reports is 
required in order to keep them timely. The main changes 
include 

(1) the dedicated consideration of energy producing 
installations while providing the flexibility to 
define more strict emission limit for them 
compared to consuming installations, 

(2) the consideration of existing background levels, 
and  

(3) a significant simplification of the emission limit 
calculation for customer installations connected to 
LV networks. 

The intense discussions within the working group have 
already identified some issues, which cannot be 
addressed in the current revisions. This is mostly due to 
limited knowledge and field experience with some of the 
concepts. Even where initial research is available, the 
working group decided that further work is needed which 
cannot be finished within the envisaged time schedule of 
the revision. Examples of these areas considered but not 
addressed by the working group include  

(1) the extensions of the considered frequency range 
in IEC 61000-3-6 and IEC 61000-3-14 beyond 2 
(or 3) kHz, 

(2) the verification of summation law exponents for 
all disturbance phenomena, and  

(3) a possible revision of the recommended planning 
levels. 
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