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Comparison of Methodologies for Assessment of
Harmonic Current Emission Limits for Large
Installations Connected to LV Networks
D. Perera, Student Member, IEEE, S. Perera, Member, IEEE, P. Ciufo, Senior Member, IEEE and
V. J. Gosbell, Life Member, IEEE

Abstract—With the proliferation of large, disturbing installations (loads and distribution generators) connected to public low
voltage networks, managing the harmonic voltage levels in the
network has become a key concern to distribution network service
providers (DNSPs). Therefore, it is important that DNSPs limit
the harmonic current emission by individual installations. This
paper reviews a number of methodologies that exist in the current
technical literature in relation to the assessment of harmonic
current emission limits for disturbing installations connected
to the public LV network. Application of these methodologies
is demonstrated through a case study on a test network. The
study shows that, though underlying philosophies and data
requirements for each of the methodologies vary significantly,
they provide a homologous estimation on the emission limits for
each individual installation.
Index Terms—LV network; distribution generators; harmonic
current emission limits

I. I NTRODUCTION
The connection of both appliances and installations with
power electronic front-ends to the power distribution network
continues to increase [1]. As a result of the relationship
between network impedances and harmonic currents drawn by
such equipment and installations, excessive harmonic voltages
can be developed that could adversely affect the performance
of various customer and utility equipment. Thus, managing
network harmonic levels has become a key issue to the DNSPs.
In many countries, harmonic current emission levels in the
LV network are governed by product level standards (e.g. IEC
61000-3-2 for equipment with rated current 16 A or below
and IEC 61000-3-12 for equipment with rated current 16 A
to 75 A). Equipment that comply with these standards can
be connected to the LV network without further investigation.
However, the connection of large installations and distribution
generators to the LV network are subject to the approval of the
DNSP. Therefore, it is important that the DNSPs have carefully
designed guidelines to assess a given installation in relation
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to harmonic compatibility. A number of methodologies are
reported in the present technical literature for the assessment
of harmonic current emission limits for large installations
connected to LV networks. Some of these methodologies are
detailed in the following technical reports and recommended
practices:
• IEC 61000-3-14 technical report (TR) “Assessment of
emission limits for the connection of disturbing installations to LV power systems” [2].
• “Technical Rules for the Assessment of Network Disturbances”, technical report [3] which is used by DNSPs in
Austria, Switzerland, Germany and Czech Republic.
• IEEE 519-1992 “IEEE Recommended Practices and Requirements for Harmonic Control in Electrical Power
Systems” [4].
In addition, a novel approach based on the concept of voltage
droop [5] is currently being developed in Australia.
The objective of the current research is to review these
approaches in relation to the assessment of harmonic current emission limits for large installations connected to LV
networks and compare the range of outcomes. This paper is
structured as follows. In Section II some key concepts given
in the IEC 61000 series of technical reports and standards in
relation to electromagnetic compatibility (EMC) co-ordination
in power systems are discussed. Sections III to VI summarise
the methodologies for the assessment of harmonic current
emission limits given by IEC 61000-3-14 TR, “Technical
Rules for the Assessment of Network Disturbances” TR, the
voltage droop concept and the IEEE 519 standard respectively.
Section VII illustrates the application of these methodologies
to a typical LV network in Australia. Section VIII presents
the outcome of the case study and a critical discussion on the
various methodologies.
II. BASIC C ONCEPTS OF EMC C OORDINATION
A. Compatibility levels and planning levels
In the EMC co-ordination process for power systems, the
compatibility between system disturbance levels and equipment immunity levels is ensured by providing reference values
known as compatibility level values [6]. These values are
determined based on the 95% probability of disturbances in
the entire power system. The compatibility values of harmonic
voltages for public LV network are given in [6]. Based on the
compatibility level values, planning level values are defined.
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Planning level values are considered as internal quality objectives of respective DNSPs and depend on the structure of
the network. Thus, only indicative values are provided in the
technical literature [7]. Planning level values should always be
equal to or lower than the compatibility level values.

of Smin is a compromise between limiting the number of
installations of which emissions need to be assessed and
keeping the network harmonic emissions within acceptable
limits. In addition, connection of an installation can be allowed
under Stage 1, if the following conditions are met:
•

B. Representation of harmonic sources
Harmonic variations are best represented by measurement
over a period of time to account for time variations and
statistical characteristics. Following general concepts are used
to represent the interaction of multiple and time-varying harmonic sources:
• All harmonic quantities (voltages and currents) are represented by their 95% values.
• The resulting magnitude of the harmonic quantity (D)
after the aggregation of different sources is obtained
through a general summation law given by (1) [2]:
qX
Diα
(1)
D= α
where Di is the magnitude of the distortion caused by an
individual source and α is the summation law exponent.
Typical values of α for low order harmonics are given in Table
I [2].
TABLE I
T YPICAL SUMMATION EXPONENT VALUES FOR HARMONICS
Harmonic order
α

h<5
1

h ≤ 10
1.4

h > 10
2

III. IEC 61000-3-14 - “A SSESSMENT OF EMISSION LIMITS
FOR THE CONNECTION OF DISTURBING INSTALLATIONS TO
LV POWER SYSTEMS ” (TR)

The IEC 61000-3-14 TR provides a methodology for the
assessment of harmonic current emission limits for individual
installations connected to radial LV systems, based on the
EMC concepts discussed in Section II. A simplified scheme of
a radial LV network is given in Fig. 1. Three stages of evaluation which can be applied either in sequence or independently
[2] [8], are defined for the assessment of emission limits.
Stage 1: Small installations, such as residential houses,
whose size is less than the minimum value (Smin ) defined
by the DNSP, can be connected to the supply network without
any further investigation. In such cases, the DNSP will rely
on the product family standards [9] [10] to limit the impact of
harmonic emission on the network. Therefore, the selection

LV Busbar

Feeder 1

•

•

TABLE II
I NDICATIVE VALUES FOR HARMONIC CURRENT EMISSION LIMITS FOR
S TAGE 1 ASSESSMENT
Harmonic order
Harmonic current
emission limit as % of
rated current

Fig. 1. Simplified scheme of a radial LV system
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where LhM V , LhLV and ThM L are the MV planning level,
the LV planning level and the transfer coefficient from the
upstream MV network to the LV network for the hth order
harmonic respectively.
Based on the value of GhLV , individual current emission
limit values are defined, subject to the following two conditions:
•

•
Feeder 2
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Stage 2: For large installations (Si > Smin ) that do
not comply with Stage 1, higher harmonic current emission
limits are allowed based on the network harmonic absorption
capacity, the capacity of the installation and the network
characteristics. The underlying concept of this approach is
that, if the network is fully utilised to its capacity and if all
installations inject up to their allocated limits, the net harmonic
voltage value at the end of a feeder should be equal to the
planning level values. The total harmonic voltage at the LV
level, is the combination of harmonic voltages propagating
from the upstream MV network and the contribution from
the harmonic loads connected to the considered LV network.
Therefore, the maximum acceptable global contribution of
harmonic voltage to the LV level (GhLV ) is given by (2) [2]:
q
α
GhLV = α Lα
(2)
hLV − (ThM L LhM V )

MV Busbar

MV/LV
Substation
Transformer

the customer does not use power factor correction capacitors and/or harmonic filters;
the ratio between the VA capacity (Si ) of the installation
to short circuit level (Ssc ) at the point of evaluation is
less than 1%;
for each harmonic order, the harmonic current emission
is smaller than the limit defined by the DNSP according
to the network characteristics. The TR does not provide
procedures for evaluating the harmonic current emission
limit. However, indicative values are provided and are
given in Table II [2].

the global contribution of all small and large installations
to the harmonic voltage at any point of the network
should not exceed GhLV
the global contribution of all small and large installations
to the harmonic voltage at the substation LV busbar
should not exceed maximum acceptable global contribution (GhB ) value given by (3) [2]:
GhB = KhB GhLV

(3)
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where KhB is a reduction factor which takes into account
the contribution of harmonic voltage caused by small installations only, at the LV busbar. This factor is calculated
by assuming that the entire network is fully loaded with
small installations only and is given by (4) [2]:
KhB =

UhB (St )
max(UhLV (St ))

(4)

where;
– UhB (St ) is the global contribution of all installations, to the harmonic voltage of order h at the
substation LV busbar, and
– max(UhLV (St )) is the maximum value of the global
contribution of all installations, to the harmonic
voltage of order h at any point in the considered
LV system.
A methodology for estimating the KhB value is given in
the TR [2]. The reader should note that if the considered
network has no small installations, then KhB = 1.
The harmonic current emission limit for an individual
installation, i, is given by (5) [2]:
r
EIhi = GhLV

α

Si
KhB 1
min(
,
)
St
ZhB Zhi

(5)

where:
•
•
•
•
•

EIhi is the harmonic current emission limit for the
installation i,
Si is the VA capacity of the installation i,
St is the total system VA capacity of the considered LV
network,
ZhB is the harmonic impedance at the LV busbar,
Zhi is the harmonic impedance at the point of evaluation
of the customer installation i.

The capacity of distribution generation (DG) connected to
the considered LV network should be taken into account when
determining the total system capacity (St ). For instance, if
an LV network has 50% level of penetration by DG sources,
St should be adjusted to 150% of the MV/LV transformer
capacity.
Stage 3: On some occasions, connection of an installation
which will fails to comply under Stage 2 is accepted at
a higher emission level under a conditional basis. This is
particularly the case, when the parameters used under Stage
2 are conservative and there is some unused disturbance
absorption capacity of the network that can be used on a
temporary basis. Connection of an installation under Stage 3
will require conducting a detailed study to determine the preexisting harmonic levels and the expected contribution of the
considered installation.
For the assessment of harmonic current emission limits,
DG installations can be considered as disturbing installations.
Thus, the methodology discussed in this section can be applied. Correspondingly, St needs to be adjusted to take into
account the presence of DG sources as in Stage 2.

IV. “T ECHNICAL RULES FOR THE A SSESSMENT OF
N ETWORK D ISTURBANCES ”
The “Technical Rules for the Assessment of Network Disturbances” provides an alternative methodology for harmonic
emission allocation for large disturbing installations connected
to the LV network. The proposed methodology follows the
same philosophy as IEC 61000-3-14 (e.g. compatibility levels)
[11] [12], but provides a simplistic and efficient approach in
the emission co-ordination process.
Assessment of emission limits for an installation is carried
out in three steps:
Step 1: The ratio of the short-circuit level (Ssc ) at the point
of common coupling to the agreed power of the installation
(Si ) is assessed. If Ssc /Si ≥ 150, the connection of the
installation is accepted, and calculation of emission limits is
not required.
Step 2: The ratio of the harmonic load (SOS ) to the agreed
power of the installation (Si ) is determined. In order to
determine SOS , each load in the installation is grouped into
one of the three categories based on the total harmonic current
distortion (THD).
• Loads with THDi < 10%, are not considered in determining SOS .
• Loads with 10% ≤ THDi ≤ 25%, are grouped as group
one and their capacity (SGr.1 ) is determined.
• Loads with THDi ≥ 25%, are grouped as group two and
their capacity (SGr.2 ) is determined.
Considering the diversity of each load, the total SOS value
is calculated by (6) [3].
SOS = 0.5 · SGr.1 + SGr.2

(6)

No distinction is made between the active power and the
apparent power of the installation when determining SOS [3].
Step 3: The ratio of the harmonic load to the agreed
power of the installation (SOS /Si ) is examined, subject to
the following two conditions:
p
Ssc /Si , the connection is
• if (SOS /Si ) ≤ 0.082 ·
approved and the calculation of emission limits is not
required;
p
• if (SOS /Si ) ≥ 0.082 ·
Ssc /Si , remedial measures
should be employed to limit the emission such that the
allocation is not exceeded.
Emission allocation limits (EIhi ), in amperes, for a large
installation i, are determined by (7) (adapted from [3]):
r
EIhi
ph
Ssc
≤
·
(7)
IA
1000
Si
where IA is the rated current of the installation calculated
based on the agreed power of the installation. The proportionality factor (ph ) takes into account the permissible maximum
harmonic voltage contribution at the LV busbar for the hth
order harmonic. Typical values of ph for converter specific
harmonics are given in Table III.
In addition, a total harmonic distortion factor (THDIA ) for
the considered installation can be evaluated by (8) (adapted
from [3]):
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TABLE III
P ROPORTIONALITY FACTOR VALUES (ph ) FOR CONVERTER TYPICAL
HARMONICS ( ADAPTED FROM [3])

VI. IEEE 519 - “IEEE R ECOMMENDED P RACTICES AND
R EQUIREMENTS FOR H ARMONIC C ONTROL IN
E LECTRICAL P OWER S YSTEMS ”

h
3
5
7
11 13 17
19
¿19
ph
6(18*) 15
10
5
4
2
1.5
1
∗ ph value for determining the harmonic current limit
in the neutral conductor.

The IEEE 519 standard provides harmonic-current emission
limits for large installations in terms of the ratio between the
maximum short circuit current (Isc ) at the point of common
coupling and the maximum demand load current (IL ) of the
installation. These emission limits are based on (11) [15]:

THDIA =

50
2
h=2 Ih

IA

20
≤
·
1000

r

Ssc
Si

(8)

For distribution generators, emission limits are defined only
if power in-feed takes place via power electronic front-ends.
For such installations, 50% of emission limits defined in this
section are provided.

V. VOLTAGE D ROOP M ETHOD
The voltage droop method provides a harmonic allocation
methodology applicable to installations at both MV and LV
levels [5] [13]. Voltage droop is defined as the summation
of all individual voltage drops in the distribution network
between the transmission system, represented by a Thévenin
voltage source, and the network point being considered [5].
The philosophy of the voltage droop method is that the hth
harmonic impedance of the network is h times the fundamental
reactance. Thus, the voltage drop of the network at the hth
harmonic is proportional to the fundamental voltage drop.
Therefore, the maximum harmonic voltage in the network
which would occur at the end of the most heavily loaded LV
feeder, is proportional to h times the voltage droop limit [13].
This assumption will only be valid if the resistive component
of the network impedance is negligible when compared to
the reactive component of the network impedance. The data
requirements for the application of this methodology are only
the maximum demand (Si ) of load and the fundamental
reactance at the point of common coupling (xi1 ).
The emission allocation limit for non-triplen harmonics of
order h for installation i is given by (9) [14],
1/α

EIhi = kh ·

Si

1−1/α

(9)

xi1

and kh is given by (10) [14]:
kh =

Vh
(11)
h · Zsc · σ
where Vh is the maximum harmonic voltage allowed at the
connection point [4] and Zsc is the short circuit impedance of
the system at the point of connection. The aggregation factor,
σ, takes into account the maximum number of installations
connected to the same point of coupling, the ratio of the short
circuit current to the maximum demand customer load current
and the diversity between different order harmonics.
Harmonic current emission limits for installations connected
to voltages between 120 V and 69,000 V, are given in Table IV.
[4] recommends that IL be calculated from the maximum
demand for the preceding 12 months. The limits given in
Table IV are to be observed under the worst case of normal
operation (conditions lasting for longer than one hour) of the
installation. However, the limits are allowed to exceed by
50% for shorter periods, during start-ups and other unusual
conditions. Even harmonics are restrained to 25% of the values
indicated for odd harmonics in Table IV. Harmonic current
emission limits for all distribution generators connected to LV
networks are restricted to limits corresponding to Isc /IL < 20,
regardless of the actual Isc /IL at the point of connection of
the generators.
Ih =

qP

LLV h
1/α

h · Vdroop

(10)

where Vdroop is the maximum system voltage droop which is
30-40% pu [14] for typical Australian networks. The voltage
droop methodology does not provide emission limits for DG,
but rather relies on maintaining a safety margin between the
maximum harmonic voltage (that would occur when limits are
derived from the voltage droop methodology) and the planning
limits, which could be used by DG [13].

VII. A PPLICATION EXAMPLE OF THE ASSESSMENT OF
HARMONIC CURRENT EMISSION LIMITS

A new office building with an agreed power of 100 kVA,
consisting of linear and non-linear loads and other installations, is to be connected to a 3-phase, LV network, 150 m from
the MV/LV transformer. The following non-linear devices and
installations will be in operation in the building [3].
• 18 computers each with 500 VA
• 30 monitors each with 200 VA
• 15 terminals each with 300 VA
• 5 printers each with 800 VA
• Fax machine 500 VA
• UPS-system for central computer 10 kVA
• Fluorescent lamp system 10 kVA
• Lift with 3-phase AC power controller of 5 kVA
• Air conditioning unit with converter of 9 kVA
The parameters of the considered LV network, which are
based on a typical Australian LV system are as follows.
The MV/LV transformer has a capacity of 315 kVA and an
impedance of (0.006 + j0.022) Ω referred to the LV side.
The network consists of two feeders, each 250 m long. The
phase and neutral conductor impedances are both (0.315 +
j0.259) Ω/km. The methodologies discussed in Section III to
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TABLE IV
H ARMONIC CURRENT DISTORTION LIMITS FOR GENERAL DISTRIBUTION SYSTEMS 120 V THROUGH 69 K V [4]

Isc /IL
< 20
20 < 50
50 < 100
100 < 1000
> 1000

Maximum Harmonic Current Distortion in Percent of IL
Individual Harmonic Order (Odd Harmonics)
h < 11 11 ≤ h < 17 17 ≤ h < 23 23 ≤ h < 35
4.0
2.0
1.5
0.6
7.0
3.5
2.5
1.0
10.0
4.5
4.0
1.5
12.0
5.5
5.0
2.0
15.0
7.0
6.0
2.5

VI are used to determine the harmonic emission limits for the
installation.
1) IEC 61000-3-14: Under Stage 1, the DNSP needs to
determine the minimum size for a large installations. In the
considered case, Smin is assumed to be 30 kVA. Since the
agreed power of the considered installation exceeds 30 kVA,
the ratio of the capacity of the installation to the short circuit
level at the point of common coupling of the installation needs
to be calculated in order to determine whether the installation
can be accepted under Stage 1. As the short circuit power
Ssc,i at the point of connection is mainly determined by the
impedance of the MV/LV transformer and low voltage line
impedance:

Ssc,i =

Un2
(0.4)2
=
Zi
(0.006 + j0.022) + (0.315 + j0.259) · 0.150
= 1.979 MVA

Since the Si /Ssc,i ratio is greater than 1%, the connection
of the installation cannot be accepted under Stage 1. Therefore,
the DNSP will need to evaluate the emission limits based
on Stage 2 methodology. The parameter values presented in
Table V are used for the evaluation of Stage 2 emission limits.
Emission limits based on Stage 2 allocation methodology for
the considered installation are given in Table VI.
TABLE V
PARAMETERS FOR APPLICATION OF IEC 61000-3-14 S TAGE 2

35 ≤ h
0.3
0.5
0.7
1.0
1.4

TDD
5.0
8.0
12.0
15.0
20.0

common coupling to the capacity of the installation can be
calculated as:
1979
Ssc,i
=
≤ 150
Si
100
Since Ssc,i /Si ratio is less than 150, a comprehensive
assessment is required. Therefore, each load within the installation is grouped according Table VII.
TABLE VII
H ARMONIC LOAD OF THE INSTALLATION
Devices/installation
18 Computers
30 Monitors
15 Terminals
5 Printers
Fax machines
UPS system
Lighting system
Lift
Air-conditioning
Sum

Group 1

Group 2
9 kVA
6 kVA
4.5 kVA
4 kVA
0.5 kVA
10 kVA

10 kVA

SGr.1 = 10 kVA

5 kVA
9 kVA
SGr.2 = 48 kVA

Then the total harmonic load of the installation SOS,i is
calculated:
SOS,i = 0.5 · SGr.1 + SGr.2 = 53 kVA
The resulting
harmonic load ratio SOS,i /Si = 0.53 exceeds
p
0.082 · Ssc,i /Si = 0.378. Therefore, the connection of
the installation is accepted, only if remedial measures are
employed to limit the harmonic currents to values indicated
in Table VIII.

ALLOCATION METHODOLOGY

h
LhM V
LhLV
ThM L
α
GhLV
KhB
ZhB
Zhi

3
0.04
0.05
1.0
1.0
0.010
0.22
0.066
0.567

5
0.05
0.06
1.0
1.4
0.021
0.53
0.110
0.309

7
0.04
0.05
1.0
1.4
0.020
0.53
0.154
0.429

11
0.03
0.035
1.0
2.0
0.018
0.53
0.242
0.672

13
0.025
0.03
1.0
2.0
0.017
0.53
0.286
0.793

TABLE VI
H ARMONIC CURRENT LIMITS BASED ON IEC 61000-3-14
h
EIhi (A)

3
1.29

5
6.82

7
4.63

11
3.49

13
2.72

2) Technical Rules for the Assessment of Network Disturbances: The ratio of the short circuit power at the point of

TABLE VIII
H ARMONIC CURRENT LIMITS BASED ON “T ECHNICAL RULES FOR THE
A SSESSMENT OF N ETWORK D ISTURBANCES ”
h
3
5
7
11
13
EIhi (A)
3.85 (11.55∗ ) 9.63
6.42
3.21
2.57
∗ corresponds to the current limit in the neutral conductor

The admissible THDIA limit for the installation is given
by:
r
20
Ssc
20 √
THDIA =
·
=
· 19.79 = 8.90%
1000
Si
1000
3) Voltage Droop: Harmonic current limits, derived from
the voltage droop method are given in Table IX. The kh values
are determined subject to a maximum system voltage droop
of 30%, which is typical for Australian LV networks and LV
compatibility levels [6].
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TABLE IX
H ARMONIC CURRENT LIMITS BASED ON VOLTAGE DROOP METHODOLOGY
5
0.028
10.42

7
0.017
6.20

11
0.006
4.30

13
0.004
3.12

3rd harmonic current (A)

h
kh
EIhi (A)

12

IEC 61000‐3‐14

5th harmonic current (A)

Voltage Droop

9.63

IEEE 519‐1992

6.82
6.42

6.2

5.77

5.77

0

0

0.05

0.1

0.15

0.2

0.25

0.15

0.2

0.25

0.15

0.2

0.25

0.15

0.2

0.25

0.2

0.25

(b)
20

10

0

0

0.05

0.1

4.63

3.49
3.21
2.89

3.12
2.72

2.89

2.57

2

0
5

7

Harmonic order

11

13

Fig. 2. Harmonic current emission limits for different harmonics for the
installation considered in the Section VII

4) IEEE Std 519-1992: IEEE voltage limits are different
to the IEC compatibility values which are used in Australia.
Therefore the emission limits given by Table IV are adjusted
using a scaling factor in order to determine the current emission limits for the considered installation [14]. The calculated
current emission limits are given in Table X. The maximum
demand load current is calculated based on the agreed power
of the installation.

11th harmonic current (A)

4

7th harmonic current (A)

4.3

13th harmonic current (A)

Harmonic current (A)

8

6

10

Technical Rules for the Assessment of Network Disturbances

10.42
10

(a)
20

(c)
20

10

0

0

0.05

0.1

(d)
10

5

0

0

0.05

0.1

(e)
10

5

0

0

0.05
IEC 61000−3−14

0.1
0.15
Distance to the installation from MV/LV transformer (km)

Technical Rules for the Assessment of Network Disturbances

Voltage droop

IEEE 519

TABLE X
H ARMONIC CURRENT LIMITS BASED ON IEEE S TD 519
h
Scaling factor
EIhi (A)

3
1.66
9.62

5
2.00
1.56

7
1.66
9.62

11
1.17
3.37

13
1.00
2.89

Fig. 3. Emission limits as a function of the distance to the installation from the
MV/LV transformer (a) 3rd harmonic current limit, (b) 5th harmonic current
limit, (c) 7th harmonic current limit, (d) 11th harmonic current limit, (e) 13th
harmonic current limit

VIII. C OMPARISON OF HARMONIC CURRENT ALLOCATION
METHODOLOGIES

A comparison between the harmonic current emission limits
for the case study, considered in Section VII is given in Fig.
2. The reader should note that IEC 61000-3-14 TR provides
relatively stringent limits for 5th and 7th order harmonics,
compared to the “Technical Rules for Assessment of Network
Disturbances”, the voltage droop and IEEE methodologies.
Fig. 3 compares the harmonic current emission limits derived from the four methodologies discussed, as the point of
connection of the installation is moved from a location near
to the MV/LV transformer to the end of feeder. It depicts
that the harmonic current emission limits for the installation
are significantly higher if the installation is connected near
the MV/LV transformer than at the end of the feeder of the
network as expected. In addition, the reader should observe
that the harmonic current limits for 3rd , 5th and 7th order

harmonics derived from IEEE Std 519 after being adjusted
to Australian harmonic voltage compatibility levels are significantly higher compared to the other methodologies discussed
in the paper. Furthermore, Fig. 4 provides a comparison
between the corresponding 5th harmonic voltage, allocated to
the installation as the point of connection of the installation is
moved away from a location near the MV/LV transformer to
the end of feeder.
In general, the harmonic current limits given by the four
methodologies discussed in this paper are derived from the
voltage quality targets such that when all installations emit
their permissible emission levels, the net harmonic voltages
in the network will be within the intended harmonic voltage limits. However, exact agreement between the harmonic
current limits cannot be expected, as the driving principles
vary between the different methodologies. For instance, the
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of non-triplen harmonics. The methodology given in IEEE 519
provides a convenient approach to determine harmonic current
emission limits compared to other methodologies discussed.
However, the methodology is less flexible and difficult to be
adapted to networks with different practices.
In addition, the methodologies discussed in this paper do not
take into consideration the possible resonance cases that could
occur due to large cable networks or non-detuned capacitor
banks in the LV network [2] [12] [15]. For cases where
resonance might occur, more detailed assessment or simulation
will be needed for assessment of harmonic current emission
limits.
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5th harmonic voltage (V)
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2
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1
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IEC 61000−3−14
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0.1
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Distance to the installation from MV/LV transformer (km)

Technical Rules for the Assessment of Network Disturbances

Voltage droop

0.25

IX. C ONCLUSIONS

IEEE 519

Fig. 4. 5th harmonic voltage allocated to the installation, as a function of the
distance to the installation from the MV/LV transformer

IEC 61000-3-14, “Technical Rules for Assessment of Network
Disturbances” and voltage droop methods rely on the compatibility level values [6], which decrease with the harmonic order.
Voltage distortion limits in IEEE 519 are different from the
IEC compatibility values and remain constant over different
harmonic orders.
Similarly, the data requirement and ease of application vary
between these methodologies. IEC 61000-3-14 provides a flexible methodology for assessment of harmonic limits. However,
it requires computation of various factors (e.g. the transfer coefficient and reduction factor) for the network under consideration, which could be problematic. When data is not available,
optimal values for these parameters are to be used [2]. Thus,
the emission limits could result in conservative values. The
methodology presented in “Technical Rules for Assessment
of Network Disturbances”, takes into account an estimation of
harmonic current emission of the considered installation. Thus,
large installations which do not emit significant harmonic
currents are exempted from application of harmonic current
limits. Accordingly, higher harmonic current emissions are
allowed for disturbing installations. The data requirement is
less compared to the IEC methodology and the required data
can be conveniently obtained from the utility and the customer
under consideration. The values of the coefficients required to
calculate the current limits can be directly obtained from the
document providing more transparency between calculations.
However procedures to determine the values of coefficients
are not given in the document, therefore the application of
the methodology for a specific situation would be difficult.
The voltage droop methodology provides a more simplistic
allocation methodology with lesser amount of computation
and assumptions. However, for an LV network, the resistive
component of the line impedance is significant. Thus, this
methodology provides only an approximation. Therefore, in
such situations, the allocation equations should be adjusted to
reflect the resistive component of the voltage droop [14]. In
addition, the voltage droop method needs further development
to assess the triplen-harmonic current limits, as the propagation
of triplen-harmonics current is different from the propagation

A comparison between the harmonic current emission
methodologies for large installations connected to the public
LV network given in two documents, IEC 61000-3-14 TR,
“Technical Rules for Assessment of Network Disturbances”
and IEEE Std 519-1992 and an approach based on the voltage
droop method was discussed in this paper. Although the
assumptions and data requirements of each of these methodologies vary, they provide a good estimation on the emission
limits for each individual installation, in order to maintain the
voltage quality in the LV network. Exceeding these limits by a
particular customer does not necessarily imply that the voltage
quality of the network would be affected, but rather provides
an indication of a potential problem. Thus, the methodologies
discussed in this paper have to be used with intuitive and good
engineering judgement to avoid unnecessary expenses related
to installation of remedial measures.
A PPENDIX A
N OMENCLATURE
EIhi
GhLV
kh
KhB
LhLV
LhM V
ph
Si
SOS
Ssc
T HDi
T HDIA
ThM L
UhB
Uhi
Vdroop
xi1
ZhB
Zhi
α

Harmonic current emission limit of order h for installation i
Maximum acceptable global contribution to the harmonic
voltage of order h anywhere in the LV system
Harmonic allocation constant
Reduction factor at harmonic order h
Planning level for harmonic h at LV
Planning level for harmonic h at MV
Proportionality factor for harmonic order h
Agreed apparent power of the installation i
Harmonic load of the installation
Short circuit power at the point of evaluation
Total harmonic distortion of the installation i
Total demand distortion of the installation i
Transfer coefficient of harmonic voltage distortion from upstream MV system to the LV system of the harmonic voltage
of order h
Harmonic voltage of order h at the substation LV busbar
Harmonic voltage of order h at the point of evaluation of the
installation i
Maximum system voltage droop
Fundamental reactance at the point of evaluation of the
installation i
Harmonic impedance of the system at the LV substation
busbar
Harmonic impedance of the system at the point of evaluation
of the installation i
Summation law exponent
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