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Distribution Code Consultation DCRP/18/05/PC

Engineering Recommendation (EREC) G5 Issue 5 (2018) 
Harmonic voltage distortion and the connection of non-linear and resonant plant and equipment to transmission systems and distribution networks in the United Kingdom

Target Audience: 
The requirements in EREC G5 are intended for persons who: 
· Propose to connect equipment with harmonic emission or resonant plant to the public electricity supply system that has the potential for causing or modifying voltage harmonic distortion.
· Propose to alter such a disturbing equipment/installation as mentioned above, connected to the public electricity supply system that would result in material changes in voltage distortion.
· Carry out assessments of the connection of disturbing equipment and the resultant voltage distortion and issue harmonic limits.
· Measure voltage distortion caused by disturbing equipment for the purpose of checking conformance with requirements in EREC G5.

Date Published: Wednesday xx June 2018
Deadline for responses: 17:00 Friday xx July 2018
Summary:
This joint Distribution Code and Grid Code public consultation is seeking the views from industry stakeholders on the proposed modification to Engineering Recommendation G5, subsequently referred to as EREC G5 Issue 5. 
This modification has been prepared under the authority of the Distribution Code Review Panel (DCRP) and Grid Code Review Panel (GCRP) of Great Britain – EREC G5 being a Qualifying Standard and Licence Standard under the Distribution Code and Grid Code.
The DCRP and GCRP establish and maintain governance arrangements for standards referenced in the Distribution and Grid Codes that have a material effect on Users of the Distribution and Transmission Systems. As such, EREC G5 is approved by the Authority (Ofgem) before publication.
The proposed EREC G5 Issue 5 constitutes a full technical revision of Issue 4 published in 2005 and has been extended, amongst other things, to cover assessment for concurrent connections


1. Introduction
EREC G5 defines planning levels and compatibility levels for the assessment of voltage distortion from Network User’s equipment and installations with harmonic emission to be connected to transmission systems and distribution networks in the United Kingdom. 
Voltage distortion from one and the aggregated impact resulting from several pieces of equipment are covered. The requirements apply to new connections of disturbing equipment to the public electricity supply system as well as changes to existing connections, in so far as they affect voltage distortion. 
EREC G5 has been modified as outlined below:
i. Planning and compatibility levels for individual harmonics have been revised, while keeping the planning and compatibility levels for voltage total harmonic distortion (THD) the same as G5 Issue 4 (G5/4). As a result for some harmonics these levels have increased. No planning or compatibility level has decreased compared to G5 Issue 4.
ii. Defining voltage ranges for which the tables of planning and compatibility levels are applicable. These voltage levels have been adapted to align with typical voltages in use in the UK.
iii. The planning and compatibility levels are now extended to 5 kHz (the 100th harmonic). The measurement of harmonics above 2.5 kHz is at the discretion of the NO (see below for definition) facilitating the connection. It is also recommended to consider the assessment of these harmonics at the discretion of the NO.
iv. Clearly defining interharmonics and revising interharmonic limits in accordance with IEC 61000-34-30, IEC 61000-4-7 and IEC 61000-2-2.
v. Revising limit for voltage notches in terms of the notch depth and duration.
vi. Updating the three stages of assessment. G5 Issue 5 similar to its predecessor, Issue 4, has three stages of connection process. These are Stage 1 for connection of equipment to LV, Stage 2 for connection of equipment which failed Stage 1 and any other connection to voltages below 33 kV, and Stage 3 for any other connection.
vii. Stage 1 has been completely revised; it is designed for connections at LV. It is designed as a linear process such that assessments are applied in stages and substages. If a substage is passed, then the connectee can connect; if the substage is failed, then the next substage of assessment is undertaken. In total there are four substages in Stage 1.
viii. Stage 2 has been completely revised; it is designed for connection at voltages below 33 kV and for those connectees that have failed Stage 1. It has also been designed as a linear process, such that assessments are applied in substages.  
ix. A new section has been added to Issue 5 that sets criteria for the connection of resonant plant, such as power factor correction capacitors to LV and voltages up to 11 kV. This ensures that the network background harmonic levels are not amplified excessively.
x. Stage 3 has been completely revised; it is designed for connections above 33 kV and for those connectees that have failed Stage 2. The connection process has been clearly outlined. 
xi. In Stage 3, the harmonic limits are based on the apportionment of the harmonic headroom. This is a major difference between G5 Issue 5 and Issue 4.
xii. Defining the minimum requirement and format for harmonic specification that NO has to issue to a connectee, to ensure consistency. 
xiii. Requirement for the compliance report has been included in Issue 5 to ensure consistency.
xiv. G5 Issue 4 did not provide any guidance on the concurrent connections, when two or more connectees apply to connect to the network in the vicinity of each other in a short time window. G5 Issue 5 sets the connection process for such cases.

2. Proposal
The joint Working Group that has overseen the revision of EREC G5 is now seeking comments from wider industry stakeholders on the proposals highlighted in this consultation paper and the contents of the Draft EREC G5 Issue 5. 
A copy of the Draft EREC G5 Issue 5 and the comment proforma are included in the consultation pack.
In the consultation paper, NO is a generic term embracing transmission network owner and/or operator companies and distribution network owner and/or operator companies. The terms network owner, network operator and system operator in this EREC are intended to apply to owners and operators of transmission systems and distribution networks – referred to as NOs in this document – in so far as the requirements are applicable to their statutory and regulatory duties and responsibilities.
2.1 Revised Planning and Compatibility Levels
Section 5 of EREC G5 Issue 5 contains planning and compatibility levels.
[bookmark: _Ref511826677]2.1.1 Planning Level, EREC 5 Issue 5, Section 5.2 
The values for planning levels in EREC G5 Issue 5 have been changed in two ways from those in EREC G5 Issue 4:
i. The values have been changed to the higher of those in international standards and those in EREC G5 Issue 4.
ii. The voltage ranges have been selected to better align with voltage levels in use on the GB system.
To align with international standards the values of planning levels from EREC G5 Issue 4 and IEC6100-3-6 were considered. Where they were different the higher of the two limits was selected. The justification for this choice is that both standards lead to acceptable level of distortion on the system that they were used in and thus adopting the higher for each frequency would also be acceptable.  It is important to note that Voltage Total Harmonic Distortion (THD) planning level was not changed and was retained at the level in EREC G5 Issue 4.
The voltage ranges that the planning levels are stated for have been changed in ERG5 Issue 5. 

In EREC G5 Issue 4 voltage ranges were: 
· 400V and below
· 6.6,11,20 kV
· Greater than 20 kV and less than 145 kV
· 275 and 400kV

In EREC G5 Issue 5, these have been changed to:
· 400 V and below
· 0.4 kV  V  25 kV
· 25 kV  V  66 kV
· 66 kV  V  230 kV
· 230 kV  V 

The justification for the change was to better align with voltage levels used on the GB system. These were chosen in consultation with network owners on the workgroup. 
By changing the voltage ranges the 4 groups from EREC G5 Issue 4 are replace with 5 in EREC G5 Issue 5. The values for planning levels for these groups were mapped across from the EREC G5 Issue 4 with the same values using the mapping:
· 400 V →  400 V
· 6.6,11,20 kV  →   Greater than 400 V and less than or equal 25 kV
· Greater than 20kV and  less than 145kV →   Greater than 66 kV and less than or equal 230 kV
· 275 and 400kV →   above 230 kV
For the new group, greater than 25 kV and less than or equal 66 kV, the values of planning levels were linearly interpolated from the values for voltage levels either side.  This is to allow grading of planning levels across voltage levels from 22 kV to 132 kV.
2.1.2 Compatibility Level, EREC 5 Issue 5 Section 5.3
The values for compatibility levels in EREC G5 Issue 5 have been change from those in EREC G5 Issue 4 using the same method and justification as used to change the planning levels, as described in Section 0.
2.2	Harmonic above 50th
The values for planning levels and compatibility levels in EREC G5 Issue 5 have been changed from those in EREC G5 Issue 4 to extend the frequency range. The limits now go up to 5 kHz (100th harmonic) rather than the old limits ending at 2.5 kHz (50th harmonic). 
The justification for this change is due to polluting equipment increasingly emitting at frequency above the 2.5 kHz range. A report has been produced to justify this change which considers the equipment being connected, simulation of higher order harmonics and measurement of the higher order harmonics on the system. 
The Sub-Workgroup report on harmonics above 50th order is given in Error! Reference source not found.. 
Consideration for harmonics above 50th order in planning is recommended, due to the growth of equipment with emission at higher order harmonics in the network and the adverse effect of such harmonics. However EREC 5 Issue 5 leaves this consideration to the discretion of the NO facilitating the new connection. The Inclusion of harmonics above 50th order in assessments requires reliable measurement through voltage transducer with suitable bandwidth. 
2.3	Limits for Interharmonics
Limits for interharmonics within EREC G5 Issue 4 have been revised. Based on IEC 61000-4-30 and IEC 61000-4-7, clear definition for measurement of interharmonics is given in EREC G5 Issue 5. According to the aforementioned standards, interharmonic components between two integer harmonics are grouped and summated using the square root of squares rule. Each group consisting of seven interharmonic components. The limits provided in EREC G5 Issue 5 apply to individual interharmonics or to the group of interharmonics depending on the frequency range.     
2.4	Limits for Voltage Notches
Limits for voltage notches have been revised in EREC G5 Issue 5 to add an additional requirement on the area of the notch on the voltage waveform. The equation used in this limit was derived to align with international standards (IEEE 519).
The justification for this change was to align with international standards and capture the effect of notching as an area of the waveform, which is related to the duration of the notch, rather than just considering the depth of the notch. 
2.5	Stage 1 and Stage 2
One of the main differences of Stage 1 and Stage 2 is in the presentation of the processes compared to that in EREC G5 Issue 4. EREC G5 Issue 5 includes distinct flowcharts for each substage with clear connections to the previous and next substages. The failure and pass conditions and data requirements for each substage are clearly illustrated. Appendix B describes the Stage 1 and Stage 2 process with worked examles.
The main technical modifications in EREC G5 Issue 5 can be summarised as shown below:
· Stages 1 and 2 are split into distinct sub-stages for improved clarity.
· Unconditional connection of equipment compliant with the EMC harmonic emission standard IEC 61000-3-2 irrespective of aggregate rating.
· Design to meet minimum short-circuit power requirements for equipment that is compliant with IEC 61000-3-12 to control voltage distortion.
· Updated tables of permitted aggregate equipment rated power by converter technology type to cater for new technology and established harmonic current emission profiles.
· New sub-stage which provides for scaling the tabled values of permitted aggregate equipment rated power according to harmonic ‘headroom’.
· Removal of current emission tables in response to manufacturer request to prevent misuse in contracts.
· Extension of full Stage 2 prediction to all harmonic orders.
· Refined full Stage 2 calculations which account for skin effect and total harmonic distortion; this enables higher harmonic current emission.

2.5.1	Stage 1 connection process
Stage 1 has been completely revised. The revised standard has also been written in more accessible way such that the process of connection should be more understandable for those with limited experience in using standards.
Stage 1 is designed for connection at LV. It is designed in a linear process such that assessments are applied in stages and substages.  If a sub-stage is passed the customer can connect, if the sub-stage is failed the next sub-stage of assessment is undertaken. In total there are four sub-stages in Stage1.
The substages are designed such that earlier substages require less data from the network user but use conservative assumptions. As the connection progresses through the substages more data is required but by having more data the pass criteria can be relaxed in terms of conservative assumptions made in the process.
The first substage of Stage 1 – Stage 1A – also allows for self-certification, in accordance with IEC 61000-3-2. If a connectee connects plant or equipment compliant with the relevant international product standard, then they may connect with no assessment or referral to the NO. 
The second substage of Stage 1 – Stage 1B – uses manufacturer statements concerning compliance with the relevant international product standard as the basis of assessment. In this stage, equipment rating as well as the short circuit power at the PCC are required.
The third substage of Stage 1, Stage 1C, is based on equipment technology type, rated power and short-circuit power level.
Under Stage 1 the final substage is Stage 1D; this is a refined version of Stage 1C that takes into account the actual background harmonic level, which may be determined by measurement by the relevant NO. 
The benefits of this approach are that it will facilitate straightforward connection for connectees, as there are fewer requirements on them to provide data, which may be difficult for smaller parties.
2.5.2 Stage 2 connection process
Stage 2 is designed for connection at PCC voltage levels below 33 kV and those that have failed Stage 1.  It is also designed in a linear process such that assessments are applied in substages. Point of common coupling (PCC) is defined as a point in the public supply system, electrically nearest to a connectee’s installation, at which other network users’ loads are, or may be, connected. Note that supply system is considered as being public in relation to its use and not its ownership.
Stage 2 includes three substages: Stage 2A and Stage 2B follow the same concept and have the same benefits as Stage 1C and Stage 1D. Those connections which fail at Stage 1 may be connected under one of the three substages at Stage 2, which each require more data from the connectee and the network. If a connection fails at Stage 2, then assessment under Stage 3 will be carried out unless the PCC is LV, in which case, no connection is possible without mitigation. 
For a Stage 2 connection assessment, small converter loads may be connected on the basis of equipment technology type, rated power and short-circuit power level under the Stage 2A assessment procedure. For loads where a more-detailed assessment is required, Stage 2B – a refined version of Stage 2A – is provided, which takes into account the actual background harmonic levels.
Under Stage 2, the final substage of assessment is Stage 2C, where a prediction of the harmonic voltage distortion post-connection is derived and compared with planning levels. This calculation is based on a simple reactance model for the source with a multiplying factor to allow for any low-order harmonic resonance. The frequency dependency of network resistance is also considered. 
Where the assessment has indicated that mitigation measures may be necessary, a conditional connection may be made if the extent of the assessment’s non-compliance with the limits is considered to be within the margin of uncertainty of the assessment process.

2.6 Resonant Plant connection process
There have been several incidences where connection of power factor correction capacitor banks at LV has caused capacitor failures or other equipment malfunction. In order to manage such situations, the assessment of resonant plant has been included in EREC G5 Issue 5. This is a new section compared to EREC G5 Issue4. Resonant plant is defined as a network or item of connectee plant or equipment (such as power factor correction capacitors, cables or active-front-end converters/inverters) that may modify the background harmonic level as a result of interaction with the rest of the network, without emitting any harmonic current or voltage.
A resonant plant assessment is applicable to connection of any resonant plant and equipment, such as power factor correction capacitors, long cables or any other plant or equipment that can be considered predominately capacitive at any range of harmonic frequencies. This is due to their potential to magnify background harmonic levels beyond the planning levels. This type of plant needs to be assessed for harmonic distortion compliance whether it is emitting harmonics or not.
The assessment for LV and voltages below 33 kV is based on conservative approaches with an assumption for the background harmonic levels and fault levels. For voltage levels below 33 kV, a simple assessment methodology is followed.
All resonant plant connection at 33 kV or above is subject to a Stage 3 assessment.

2.7	Stage 3 Connection Process
The revision of Stage 3 assessment was one of the main objectives of the revision of  EREC G5 Issue 4.
The Stage 3 assessment in EREC 5 Issue 4 was based on emission data from the connectee’s equipment. This data was used by the NO to assess the impact of the new connection and subsequently issue harmonic limits. The allocation of limits was based on a first come-first served methodology, meaning that the first connectee in the connection queue would receive the whole of the harmonic headroom, if it was needed, based on the emission data and assessment. The harmonic headroom was calculated using the measured background harmonic level and the planning level.
In the cases where multiple connections were expected to connect within similar timescales, the order of allocating limits and issuing the harmonic specification was determined by the date at which the connection offer was signed by the connectee. This feature of Issue 4 was retained in Issue 5.
Allocation of the whole headroom caused concerns for many connectees as well as the NOs as, for example, a small connectee could receive the whole of the headroom if it was first in the queue and the next in the line, which may be a large size connectee, would receive a very small limit. Alternatively, the second connectee could wait for the first to become part of the network, i.e. fully commissioned and operational, and then receive their harmonic specification after new background measurement was carried out. This in turn could introduce long delays in the second connectee’s project.
An increase in the number of connections of non-linear equipment at all voltage levels has led to a need to revise Stage 3 assessment in EREC 5 Issue 4 to allow fairer allocation of harmonic headroom and avoid delays in the issuing the harmonic specification.
EREC 5 Issue 5 uses apportionment of harmonic headroom to set the limits for each connection.  For connection to distribution networks, the apportionment is fixed where half (50%) of the whole harmonic headroom is allocated to the first connectee in the connection queue. For the transmission network, the apportionment is carried out in relation to the size of the connection. Error! Reference source not found. presents a worked example for typical connections at 400 kV. 
EREC 5 Issue 5 is the same as Issue 4 for the consideration of the impact of the connectee on the remote nodes. Remote nodes surrounding the point of common coupling are to be included in the assessment to ensure that the remote nodes remain compliant.
2.7.1 Stage 3 Connection Process- harmonic specification 
EREC G5 Issue 4 provided no guidance on what data the NO should provide to the connectee when the NO set limits as part of the Stage 3 process.
EREC 5 Issue 5 also clearly outlines the minimum requirement for the harmonic specification. It is clearly stated that it is responsibility of the NO providing connection at the point of common coupling to issue the harmonic specification. EREC G5 Issue 5 provides guidance on the minimum requirement for data to be provided by the NO such that a connectee can design to meet their limits. The limits are issued in the form of a harmonic specification. EREC G5 Issue 5 also provides an example format in which this data may be presented.
The justification for this change is to achieve consistency in the data and format that the connectee receives. 
2.7.2 Requirement for compliance
EREC G5 Issue 5 adds a new section with guidance on how the connectee can demonstrate compliance with the limits set by the NO. The compliance process has been defined in EREC 5 Issue 5, where the connectee submit a report confirming compliance with the harmonic specification issued by the NO responsible for the connection.
NO have always required  connectees to demonstrate compliance with the harmonic limits. However, EREC G5 Issue 4 offered no guidance on how this could be achieved. EREC G5 Issue 5 provides guidance to the connectee on what is needed, as a minimum, in a compliance report to demonstrate compliance with the harmonic limits and guidance to NO on compliance verification. 
The justification for this addition is to provide transparency and consistency to NO and connectee about how compliance with this standard will be assessed. The NO has responsibility to carry out measurement before, during and after commissioning.
2.7.3 Concurrent connections
EREC G5 Issue 5 adds a new section on guidance on how to set limits for concurrent connections; where multiple connectees seek to connect at the same or to electrically close nodes at the same time.  
EREC G5 Issue 4 provided no explicit guidance on how to set limits for concurrent connections. The common interpretation of the standard was that the first connectee had to fully complete their design and become part of the network before a second connectee could be set limits. This resulted in delays for the second connectee. This was becoming more material as the number of connectees has been increasing over the last few years. 
EREC G5 Issue 5 adds guidance on how harmonic limits can be set for a second connectee before the first connectee’s design has been finalised. The method assumes that the first connectee uses all  the distortion headroom allowable under its harmonic specification. This is likely to give a lower limit to the second connectee than if they were to wait until the first connectee becomes part of the background. However the new method will allow the second connectee to connect earlier than under the method in EREC G5 Issue 4.  Therefore the new method gives the connectee with option of connecting earlier than under the method in EREC G5 Issue 4 or waiting and potentially having more relaxed limits.  
The justification for this change is to facilitate the increase in the number of connections. Defining a clear process for managing concurrent connection will stop the setting of harmonic limit from being a limitation in the connection of a new connectee. 

3.0 Applicable Distribution Code Objectives
The Applicable Distribution Code Objectives are to: 
a) permit the development, maintenance, and operation of an efficient, co-ordinated, and economical system for the distribution of electricity; and
b) facilitate competition in the generation and supply of electricity; and
c) efficiently discharge the obligations imposed upon distribution licensees by the distribution licences and comply with the Regulation and any relevant legally binding decision of the European Commission and/or the Agency for the Co-operation of Energy Regulators; and
d) promote efficiency in the implementation and administration of the Distribution Code.
4. Consultation Questions
Q1. Do you agree with the planning levels for different voltage levels given in tables in Section 5.2?
Q2. Do you agree with the compatibility levels for different voltage levels given in tables in Section 5.3?
Q3. Considering the growth in the network of equipment with harmonic emission at high order harmonics, do you agree with the extension of planning and compatibility levels to harmonics above 50th order, subject to the discretion of the relevant NO facilitating the connection?
Q4. Do you agree with the use of grouped interharmonic measurement, to align with relevant IEC standards?
Q5. Do you agree with the limits proposed in Section 5.4 for interharmonics?
Q6. Do you agree with the limits proposed in Section 5.6 for voltage notches?
Q7. Do you agree with the Stage 1 connection process, proposed in Section 7 that sets the procedure for connection of equipment to PCC voltages below 400 V?
Q8. Do you agree with the Stage 2 connection process, proposed in Section 8 that sets the procedure for connection of equipment that failed Stage 1 and to the PCC voltages below 33 kV?
Q9. Do you agree with the inclusion of a process, proposed in Section 9, for the connection of resonant plant such as power factor correction capacitors and/or cables to the PCC voltage levels of 400 V and 11 kV?
Q10. Do you agree with the quick and conservative initial assessment for connection of resonant plants to PCC voltage levels of 400 V and 11 kV? Failing the initial assessment would require assessment of resonant plant under Stage 3 assessment process. 
Q11. According to EREC 5, Issue 5, under Stage 3, it is the responsibility of the existing NO to which the connectee connects to carry out harmonic assessment and issue the harmonic specification which include harmonic limits. Do you agree with this? 
Q12. In EREC 5 Issue 5, setting the harmonic limits under Stage 3 is based on the apportionment of the headroom. Do you agree with the apportionment of headroom instead of first come-first served approach where the whole of the headroom is allocated to the first connectee in the queue?
Q13. Due to the difference in number of connection, network arrangement and operational requirement, do you agree with the proposed different apportionments procedures for connection above 132 kV and for connection at or below 132 kV proposed in Stage 3, section 10.4.3.1 and 10.4.3.2?
Q14. It is a requirement within EREC 5, Issue 5, to assess connection of resonant plant such as capacitor banks and cables and to ensure compliance with the harmonic limits. Do you agree with this requirement?
Q15. Do you agree with the requirements of the compliance report that connectee’s have to submit for a Stage 3 assessment?

5. Next Steps
Responses to this consultation should be sent to the Distribution Code Review Panel Secretary at dcode@energynetworks.org by 17:00 Friday 20 July 2018 on the pro-forma provided expressly for the purpose, or via any other convenient means. The pro-forma is can be found in the consultation pack. Responses after this date may not be considered.

6. Consultation Pack
The DCRP/18/05/PC Consultation pack can be found here - http://www.dcode.org.uk/consultations/open-consultations/

For more information, please contact:
David Spillett – Distribution Code Administrator - dcode@energynetworks.org







7. Appendix A
Sub-Workgroup report on harmonics above 50th order.
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8. [bookmark: _Ref511661880]Appendix B
Attached present the connection process for Stage 1 and Stage 2 for typical connections to voltages up to 33 kV. Worked examples are also included.







           

9. Appendix C      
EREC 5 Issue 5 uses apportionment of the harmonic headroom available at the point of common coupling to set harmonic limits for the connectee. Similar to Issue 4, the headroom is calculated using the planning level and measured background harmonic level. In order to manage the impact of the new connectee on the remote nodes and to ensure compliance with the planning levels, similar to EREC 5 Issue 4, the remote nodes are included in the assessment. This is achieved by calculating the transfer coefficient between the PCC and other substations in the network. The transfer coefficients are calculated by harmonic simulation.
In setting the limits, the harmonic headroom is apportioned. For connections to voltages below 132 kV, 50% of the available headroom is allocated, irrespective of the MVA size of the connection. For connections to voltages above 132 kV, the headroom is apportioned in proportion to the ratio of the size of the connection and a specified constant, , whose value is 1000, 1500 and 2000, respectively for voltages above 132 kV and below 275, 275 kV and 400 kV. The ratio is termed kM
The values of  for different voltage levels have been determined based on the historical and known future connectees’ MVA that have been or will be connected to the network. Using the ratio, kM, a multiplier is determined from the apportionment multiplier curve, which in turn operates on the harmonic headroom. This multiplier varies between 10% and 66% of the headroom. For example, a 2000 MVA connection at 400 kV can only be given 66% of the headroom. The apportionment multiplier curve has a knee point at kM =0.25, which gives a multiplier equal to 0.5 or 50% of the headroom. The knee point has been set to be approximately equal to the 25-percentile of the all past and known future connection. The slope of the apportionment curve between kM=0.05 and kM=0.25 is ten times higher than the slope of the curve between kM=0.25 and kM=1.00. This has been so set to bias the curve towards smaller sized connection, i.e. in proportion, the smaller MVA size connection receive higher limits such that impractically small limits are avoided.             
For connections to voltages below 132 kV, a constant 0.5 apportionment multiplier is used. This is due to the number of connections and the variety and complexity of network configuration and topology at this voltage level.
The worked examples below are to illustrate implementation of the methodology when setting the harmonic limits.
7.1 Examples: Application of Stage 3 Assessment
In this section a number scenarios are considered to demonstrate the application of Stage 3 assessment process. For simplicity, only one harmonic is considered, however, the same procedure applies to all harmonics.
7.2 Single Connection
Consider Error! Reference source not found., which shows part of a 400 kV system. A 800 MVA wind farm (generator) applies to connect to Node X. 
Harmonic transfer coefficients from Node X to all other nodes are calculated from harmonic model simulation for all scenarios considered in the study, which include intact as well as depleted network conditions. The transfer coefficients are given in Table A. 1.
Harmonic measurement results at all nodes are given in Table A. 2. Assume the harmonic order under study is in the range for =1.4 and the Planning Level is 2%.

B
X
Y
A
C

Figure A. 1- Study Network
[bookmark: _Ref511561750]Table A. 1- Highest Harmonic Transfer coefficients from Node X to other Nodes
[bookmark: _Ref511561772]Table A. 2- Pre-existing Background Harmonic Level



		From
	To
	Transfer coefficient

	X
	Y
	2

	X
	A
	0.8

	X
	B
	3

	X
	C
	1.5


	Node
	Vbg (%)

	X
	0.5

	Y
	1.0

	A
	1.5

	B
	1.2

	C
	0.25


	
The harmonic headroom at the PCC is calculated.
 
For Node Y, the same is used and then the headroom is transferred to Node X.

The other headrooms are calculated in the same way and are shown in            Table A. 3.
[bookmark: _Ref511562014]           Table A. 3- Harmonic Headrooms

	Node
	Headroom (%)

	HX
	1.79

	HY-X
	0.71

	HA-X
	1.14

	HB-X
	0.41

	HC-X
	1.28



As can be seen the smallest headroom is 0.41% at Node B when transferred to Node X. Therefore, in this case the limiting node is Node B.
Parameter k is now calculated. Since the connection is at 400 kV, then =2000.

From the normalised curve, for k=0.4, M would be equal to 0.532.
For the harmonic under consideration, the incremental and total limits are calculated by multiplying the appropriate headroom, i.e. 0.41by M=0.532, as shown below.
 

The harmonic limits for the harmonic under consideration are given in Table A. 4.

[bookmark: _Ref511562173]Table A. 4- Harmonic Limit Table for the First Connection at Node X
	Harmonic order h
	Pre-existing background harmonic voltage at the PCC prior to connection of the User’s Equipment
(% of fundamental)
	Incremental harmonic Voltage Distortion Limits ( ) due to harmonic current/voltage emission at the PCC 
(% of fundamental)
	Total Harmonic Voltage Emission Limits ()
(% of fundamental)

	h
	0.5
	0.22
	1.21

	
	
	
	



7.3 Two Concurrent Connection at the same PCC
Assume, following the signing of the first connectee of 800 MVA, the second connection of 2000 MVA applies to connect to Node X. Considering  of 2000 for 400 kV systems, k is equal to 1 for the second connection.


From the normalised curve, M=0.66.
The new harmonic headroom at Node X is calculated from:

The harmonic headrooms of the other nodes transferred to Node X are modified by the incremental harmonic limit of the first connection. For example for Node B, the modified transferred headroom is given below:
 
Node B is still the limiting node.
The headrooms are now apportioned and the incremental and total limits are calculated.
 

The harmonic limits for the harmonic under consideration for the second connection at Node X are given in 




Table A. 5.
[bookmark: _Ref511562548]




Table A. 5 - Harmonic Limit Table for the Second Connection at Node X
	Harmonic order h
	Pre-existing background harmonic voltage at the PCC prior to connection of the User’s Equipment
(% of fundamental)
	Incremental harmonic Voltage Distortion Limits ( ) due to harmonic current/voltage emission at the PCC 
(% of fundamental)
	Total Harmonic Voltage Emission Limits ()
(% of fundamental)

	h
	1.21
	0.19
	1.66

	
	
	
	



7.4	Two Concurrent Connection at Different Nodes
Now consider the second connectee applying for connection to Node Y.
The harmonic transfer coefficients from Node X to other nodes are assumed to be the same as before, given in Table 3. The harmonic transfer coefficients from Node Y to other nodes, including Node X should also be obtained from the harmonic model, which are shown in Table A. 6.
[bookmark: _Ref511562525]Table A. 6- Harmonic Transfer coefficients from Node Y
	From
	To
	Transfer coefficient

	Y
	X
	1.6

	Y
	A
	3

	Y
	B
	1.4

	Y
	C
	1.1



The pre-existing background harmonic levels and thus the harmonic headroom at all nodes are calculated, taking into account the incremental limit issued to the first connectee at Node X. Pre-existing background harmonic level at Node X however is assumed to have risen to the total limit issued, as shown below:

For Node Y the pre-existing background harmonic level is given below.

For Node A to C the pre-existing background harmonic levels are calculated as given below:



The headroom at Node Y is calculated using the modified pre-existing background harmonic level.

In the same way, the new harmonic headrooms are calculated and transferred to Node Y.




As can be seen the limiting remote node is Node A.
The multiplier M is 0.66 (for k=1, M=0.66).
 


The harmonic limits for the harmonic under consideration for the second connection at Node Y are given in Table A. 7.
[bookmark: _Ref511562645]Table A. 7- Harmonic Limit Table for the Second Connection at Node Y
	Harmonic order h
	Pre-existing background harmonic voltage at the PCC prior to connection of the User’s Equipment
(% of fundamental)
	Incremental harmonic Voltage Distortion Limits ( ) due to harmonic current/voltage emission at the PCC 
(% of fundamental)
	Total Harmonic Voltage Emission Limits ()
(% of fundamental)

	h
	1.22
	0.18
	1.68
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1 Existing standards/Literature 


This section aims to review existing literature to find out if there are national or international 
standards mandating assessment on harmonics above 50th, and if they exist to which voltage 
levels they apply. 


The ENA report [1], “Review of Engineering Recommendation G5/4-1 Stage 3 connections and 
higher order harmonics”, November 2012, by Andrew Bower doesn’t clearly conclude on the need 
or requirements for assessment of harmonics above 50 th. The main conclusions are;   


 


- At present (2012) there are no nationally or internally recognized limits for harmonic 


emissions above 50th order for HV and EHV systems. IEC 61000-2-12 only provides 


indicative limits for LV and MV networks (section 1.2). 


- The current G5/4-1 uses Partial Weighted Harmonic Distortion (PWHD) for harmonics 


above 25th due to the difficulty in measuring accurately both the magnitude and the phase 


angle for these higher order harmonics (section 4.2). IEC 61000-3-12 uses the concept of 


PWHD and sets emission limits for LV equipment rated between 16A and 75A per phase. 


- The IEC 61000-4-30 does not have provisions for harmonic orders beyond 50th. However, it 


provides an informative annex to cover measurements in the range 2kHz-150kHz which 


may be considered in the next revision of IEC 61000-4-30 (section 4.2.1).  


- The results presented in ACE report 73 suggest that distribution network VTs and CTs 


begin to attenuate harmonics beyond 30th (section 4.2.3).  


- Measurements may be made on equipment known to create higher order distortion at the 


device terminals and at locations further away in the network to assess to what extent the 


higher order harmonics actually propagate through the network (section 5.2.3). However, 


the report states that measuring devices may not have the informative requirements of 


61000-4-7 to measure harmonics in the higher range (2kHz to 9kHz) implemented.   


- There is a potential for developing evidence based (from a measurement campaign) 


compatibility limits based on the current network conditions for higher order harmonics. 


This campaign should if possible involve the winder DNOs in Europe via Eurelectric’s 


standardization Network Exports (sections 5.2.3 and 6.2.1) 
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Table 1 summarizes existing standards stating harmonic limits on emissions, on planning or on 
compatibility. 


 


Table 1: Standards for design/planning limits  


Standard Region Voltage range Limits 
Compatibility 


levels 


ENA G5/4-1, ETR 
122 


UK 400V to 400kV 
Planning limits up 
to 50th harmonic 


Up to 50th 
harmonic 


PD IEC TR 61000-3-
6 


UK/International 1kV and above 
Planning limits up 
to 50th harmonic 


Up to 50th 
harmonic 


BS EN  61000-3-2 UK/International  
220/380V, 
230/400V and 
240/415V 


Current emission 
limits up to 40th 
harmonic 


n/a 


BS IEC 61000-3-4 UK/International  
Up to 240V single 
phase, 600V three 
phase 


Current emission 
limits up to 40th 
harmonic 


n/a 


BS EN 50160: 2010 UK/International Up to 150kV 


Individual 
indicative values 
up to 25th harmonic, 
THD value 
including 
frequencies up to 
40th harmonic. 


n/a 


IEEE 519 USA/ International 
120V to over 
161kV 


Up to the 50th 
harmonic (individual 
and THD) 


n/a 


IEC 61000-3-14 International Up to 1kV n/a 
Compatibility limits 
up to 50th 
harmonic 


BS EN 61000-2-12 UK/International 1kV to 35kV n/a 
Compatibility limits 
up to 50th 
harmonic 
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Table 2 summarizes existing standards for measurement equipment and measuring equipment 
installation. 


 


Table 2: Standards for measuring equipment  


Standard Region 
Harmonic 
Range  


Comments 


BS EN (IEC) 61000-
4-7 


International 
(IEC) 


Up to 40th harmonic, 


2kHz to 9kHz 
(annex as 
informative only) 


The standard covers for harmonic 
measurements up to 40th and also 
provides an annex to cover harmonics 
from 2kHz to 9kHz. 


BS EN (IEC) 61000-
4-30 


International 
(IEC) 


2kHz to 150kHz 
 


CISPR 16-1-2 International 
(IEC) 


9kHz to 100MHz This standard covers the 
characteristics and performance of 
equipment for the measurement of 
radio disturbance voltages and 
currents from 9kHz to 100 


 


 


Table 3: IEC 61000-3-6 planning and compatibility limits 


Voltage level Planning 
Level  


Compatibilit
y Level 


Comments 
 


LV: 
Un ≤ 1kV 


 


No 
 


 


Yes 
 


 


Compatibility levels are same for LV & MV 
 


MV: 
1kV < Un ≤ 35kV 


 


No 
 


Yes 
 


Compatibility levels are same for LV & MV 
 
MV has its own planning level 
 


HV: 
35kV<Un≤ 


230kV 
 


Yes 
 


 


No 
 


 


Planning levels are same for HV & EHV 
 


EHV: 
Un  > 230kV 


 


Yes 
 


No 
 


Planning levels are same for HV & EHV 


 


In IEC 61000-3-6, the above limits are defined up to 50th harmonic order. 


 


As of today there is no standard establishing limits for emissions or planning levels in the 
frequency range 2kHz to 150kHz [2]. 
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2 Product Survey of equipment emitting above 50th harmonic 


This section provides emission spectrum either calculated or measured from AFE converters, 
WTG converters, SVCs and HVDCs.  


2.1 AFE (IGBT) Inverters 


Figure 1 to Figure 3 show emission spectrums (calculated) for different ratings of AFE inverters 
from a major supplier.  The LV distortions are calculated at 400V with the PWM filter. The software 
calculates harmonics up to the 49th and for all inverter ratings harmonic emissions above 37th are 
either 0 or <0.1%. Typical industrial applications for AFE inverters are in conveyors, extruders, 
pumps and fans. 


 


 


 


Figure 1: Emission spectrum (calculated) for an AFE inverter (1250kVA) 
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Figure 2: Emission spectrum (calculated) for an AFE inverter (630kVA) 
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Figure 3: Emission spectrum (calculated) for an AFE inverter (3150kVA) 


 


 


 


2.2 Domestic Measurements 


Figure 4 shows harmonic distortions measured at a suburban house for harmonics up to 2.5kHz. 
For the same period, Figure 5 shows the harmonics recorded above 2.1kHz. The distortions 
measured above 2.1kHz (42nd harmonic) are < 0.02%. 


The following devices were in use during the measurements provided in Figure 4 and Figure 5. 
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Item ON (Time) OFF (Time) 


Laptop Charger 19:08 - 


LED Driver (cabinet lights) 19:11 - 


Washing Machine Direct Drive Inverter 19:19 20:49 


Dishwasher 19:12 - 


TV 19:11 - 


Microwave 19:24 19:25 


 


 


 


Figure 4: Measurement at a domestic house (harmonics below 2.5 kHz) 


 


 


Figure 5: LV measurement at a rural domestic house (harmonics below 2.1 kHz) 
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Figure 6 shows harmonic distortions measured at an office for harmonics up to 5kHz. The 
distortions measured above 2.5 kHz (50th harmonic) are <0.05%. 


 


 


 


Figure 6: LV Measurements in an office 
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Figure 7 shows harmonic distortions measured at a domestic house for harmonics up to 5 kHz. 
The distortions measured above 2.5 kHz (50th harmonic) are <0.02%. 


 


 


 


 


Figure 7: LV Measurements in a domestic house 
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2.3 Harmonic Emissions (WTG converters, PV inverters, HVDC 


converters) 


2.3.1 WTG Converters 


The graphs below show harmonic voltage emission spectrum from a 6MW WTG converter. Note 
that the vertical axis scaling is adjusted to show low order harmonics and for this reason 46th (6%) 
and 48th (12%) harmonics are clamped at 2.5%.  


 


 


 


Figure 8: Harmonic voltage emissions from WTGs in the range 4MW to 6MW (before PWM 
filter) 
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2.3.2 PV inverters 


Table 4 to Table 8 shows banded higher order current emissions (calculated) for different PV 
inverter ratings. These indicate very small current emissions above 50 th harmonic. The emissions 
are measured with PWM filter that come with the inverter modules. 


 


Table 4: Emission spectrum above 42nd harmonic - 250kW PV inverter 
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Table 5: Emission spectrum above 42nd harmonic - 500kW PV inverter 
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Table 6: Emission spectrum above 42nd harmonic - 1000kW PV inverter 
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2.3.3 SVCs 


Figure 9 shows emission spectrum (calculated) from a true multilevel VSC based SVC converter. 


The converter rating is 125MVAr connected at 33kV. The SVC is without any dedicated filters 


connected. 


 


 
Figure 9: Emissions (calculated) from a true multilevel VSC SVC (33kV connected/125MVAr) 


 


Figure 10 shows the calculated current emissions directly from the TCR branch of a 135MVAr 
SVC/20kV. Usually the SVC will have a filter connected to the same busbar as the TCR. The 
current distortions are below 0.097% from 37th harmonics onwards. 
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Figure 10: Emissions (calculated) in the Thyristor Controlled Reactor (TCR) branch 
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2.3.4 HVDC converter (Multi level converter) 


Figure 11 shows the harmonic voltage emission spectrum from a true multilevel (>300) VSC 
HVDC converter (400kV connected, 1000MW). The emission spectrum (calculated) shows a faint 
six pulse signature. The calculated voltage emissions above 50th harmonic are << 0.04%. 


 


 


 


Figure 11: Emissions from a true multilevel VSC HVDC converter (400kV connected/1000MW) 
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The figures Figure 12 to Figure 15 below show current emissions from four VSC type HVDC 
suppliers. 


 


 


 


Figure 12: Emissions spectrum from supplier A 
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Figure 13: Emissions spectrum from supplier B 
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Figure 14: Emissions spectrum from supplier C 
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Figure 15: Emissions spectrum from supplier D. Note that supplier D has no emissions above 25 th 
harmonic. 
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3 Models and Measurements 


Power system software packages are widely used for harmonic modelling and analysis. The 
outcome of such analysis is dictated by the accuracy of the models used to represent network 
elements. Similarly measurements rely on the accuracy of the transducers and monitors that 
collect them. This section highlights on models for some network elements, available transducers 
and monitors for harmonic measurements, and analysis of some historical data. 


3.1 Electrical plant modelling  


3.1.1 Transformer stray capacitance 


Figure 16 shows part of a 33kV and 11kV distribution network.  Frequency scans have been done 
looking at 33kV node (pink rectangle) and 11kV node (green rectangle). 


 


 


 


Figure 16: Model of an actual distribution network 
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Figure 17 shows the frequency scans carried out in Power Factory without transformer stray 
capacitances for 132kV/33kV transformers and 33kV/11kV distribution transformers. The overhead 
lines and cables have been modelled using distributed parameters. 


 


 


Figure 17: Frequency Sweep without Transformer Capacitance 


 


In order to improve the high frequency effects of transformer model, stray capacitances are 
considered. These capacitances are equivalent capacitances of the transformer model provided in 
the Power Factory software package. Users have the possibility to enable them or disable them in 
the software.   


 


Figure 18 shows the frequency scans with transformer stray capacitances enabled in the model. 
There is a significant difference in the impedance between the two modelling approaches. 


 


33kV network 


11kV network 







   


   
   
   


   
 


25 
 


 


Figure 18: Frequency Sweep with Transformer Capacitance 


 


The table below shows typical stray capacitances for different transformer ratings [3] 


 


MVA Rating Chg (nF) Chl (nF) Clg (nF) 


1 1.2 – 14 1.2 – 17 3.1 – 16 


2 1.4 – 14 1 – 18 3 – 16 


5 1.2 – 14 1.1 – 20 5.5 – 17 


10 4 – 7 4 – 11 8 – 18 


25 2.8 – 4.2 2.5 – 18 5.2 – 20 


50 4 – 6.8 3.4 – 11 3 – 24 


75 3.5 – 7 5.5 – 13 2.8 – 30 


100 3.3 - 7 5 - 13 4 – 40 


 


 


 


 


 


33kV network 


11kV network 
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3.1.2 Transformer resistance 


Figure 19 shows different approaches used to represent resistance of a transformer. The results 
are for a 400/132kV, 200MVA transformer. At higher frequencies above 50 th the difference in 
resistance is very significant. Since the reactance becomes dominant at high frequency, the 
magnitude of the impedance shown in Figure 20 is less impacted by the differences in resistance 
at high frequency.   


 


 


Figure 19: Frequency dependent resistance – Cigre Model A and B 


 


 


Figure 20: Frequency dependent impedance – Cigre Model A and B 
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3.1.3 Transformer actual scans 


Figure 21 shows measured impedance versus frequency of a 200MVA, 400kV/132kV transformer. 
The impedance is measured from the 400kV side to the neutral point. There are multiple 
resonance points indicating the effect of stray capacitances. 


 


 


Figure 21: Actual frequency scan of a 400kV/132kV auto transformer (phase A to neutral)  


 


 


3.1.4 Cable modelling  


There are various approaches to model the frequency dependency of cable resistance and 
reactance. They are listed below; 


• CIGRE model, 1996 


• IEC 60287 model 


• CIGRE (WG B1.30 report 531) model, 2013 


 


 


Figure 22 shows comparison of frequency dependent resistance calculated for an onshore 220kV 
cable using the above three modelling approaches. The graph labelling is “IEC cable resistance”-
IEC 60287 model, “SINCAL cable resistance” -CIGRE model, 1996 and “Cable resistance –Bessel 
function” -CIGRE model 2013.  


Figure 23 and Figure 24 show the inductance and impedance comparisons respectively. 
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Figure 22: 1600sqmm (220kV land cable) resistance vs frequency with different cable models 


 


 


Figure 23: 1600sqmm (220kV land cable) inductance vs frequency with different cable models 
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Figure 24: 1600sqmm (220kV land cable) reactance vs frequency with different cable models 


 


Different modeling approaches provide different resistance and reactance which can have a 
significant impedance difference in case of long AC cables. 


It is noted suppliers provide frequency dependent information for cables using any of the above 
methods. These parameters are also affected by cable construction and cable laying arrangement.  


 


3.1.5 Source representation  


When using voltage or current distortions provided by supplier for harmonic assessment, 
sometimes the Thevenin or Norton impedances are not provided along with the distortions. Where 
such information is lacking this information should be obtained and represented in the harmonic 
model.  
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3.2 Measurements (monitors, transducers, site records)   


3.2.1 Monitors 


There are a number monitors available on the market for recording harmonic data. The following 
shows a comparison of these monitors 


Table 7: Comparison of harmonic measuring equipment 


PQ Monitor Length of 
recording 


Resolution 
of data 
capture 


Harmonic
s range 
covered 


Phase 
angle 
measurem
ent 
 


Sampling Rate 


Metrum - 
PQ140 
 


128MB ±0.05% Up to 50th  No  2MHz 
 


Draenetz - 
HDPQ 


7 day survey 
gathers 10-
12Mbytes of 
data, so with 
4 Gigabytes 
of storage this 
will last for 
approx 6 
years 


±0.05% Volt to 
127th  
Current to 
63rd 


Yes and 
can display 
this in the 
Dranview 
Software 


The HDPQ samples at 
512 sample per 
second hence 
35microseconds 
between the sample 
points, BUT it also 
runs a fast sampler of 
1megasamples per 
cycle between these 
point – hence can 
capture a transient 
with a rise time of 
1microsecond. 


Eberle - 
PQ200 


4GB ±0.05% Up to 50th 
and then 
bands 
2kHz to 
9kHz 
according 
to 
IEC61000-
4-7 
 


Yes 2MHz 


Outram - 
PM7000 


128MB + USB 
Memory Stick 


0.1Vac Volt to 
100th, 
current to 
100th both 
= 50 each 
  
 


No  1228.8kHz 


INO 7650  Server req. 0.10% Up to 63rd 
 


No 
 
  


51.2kHz 


Fluke - 1738 
PQ Monitor 


128MB ±(0.02% 
+0.01%) 


Up to 50th 
  
 


No  10.24kHz 
 
 
 


Pqube Server req. ±0.05% Up to 63rd 
 


No  
 


12.8kHz 
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Elspec -
g4430 


16GB or 
server 


not stated  
 
 


Up to 
511th 
 
 
 


No  51.2kHz 


Unipower 
UP-2210 


  IEC 61000-
4-30, Class 
A 


  


NGET own 
monitor 


4GB (compact 
Portable) 
16GB (Rack-
Mount 
Permanent) 


±0.05% Unom 


±0.15% Inom 
(as per IEC 
61000-4-7) 


Up to 100th  Yes 25kHz 
 


 


 


3.2.2 Transducers 


ACE report 73 provides limitation on frequency response of existing VTs and CTs as provided in 
Table 8 [1].  


Table 8: Indicative frequency response for existing VTs and CTs 


 


 


Work carried out at the University of Manchester on WVTs and CVTs also showed limitation of 
these types of VTs to measure high frequencies accurately [4].  The work concluded that 400kV 
WVT frequency response is limited to 500Hz (10th harmonic) and that of a 275kV CVT is limited to 
200Hz (4th harmonic). The work also concluded that the connected burden has less impact on the 
frequency response of the WVT whereas the burden significantly impacted on the frequency 
response of the CVT as shown in Figure 25 and Figure 26. 
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Figure 25: 400kV WVT frequency response under rated voltage with different burdens [4] 


 


 


Figure 26: 275kV CVT frequency response under rated voltage with different burdens [4] 


 


Figure 27 and Figure 28 show the frequency response of current and voltage transformers at 
present technology according to IEC 61869-103 [5]. The standard states (section 6.1) at present 
little experience is available very far from what would be needed in order to perform totally reliable 
power quality measurements. It further states the inductive instrument transformers up to now 
have been designed to have linear behaviour in the range of primary signal at rated frequency and 
outside these ranges their behaviour is not standardised.  
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Figure 27: Voltage transformer technology frequency range according to present experience [5]   


 


 


Figure 28: Current transformer technology frequency range according to present experience [5]   
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A PQ CVT is a capacitive VT that uses two current sensing CTs. The CTs are connected in the 
neutral end of the main branch and the secondary branch. NGET TS 3.02.05 specifies the 
requirements for a CVT intended for power quality monitoring. 


The PQ CVT offers a wider bandwidth than wound VTs and conventional CVTs. PQ CVTs are used 
at UK transmission systems for power quality measurements up to the 100th harmonic.  


 


3.2.3 Recorded Measurements  


3.2.3.1 Distribution Network 


Figure 29 shows site records of harmonic measurements taken at a 33kV node in the network 
given in section 3.1.1 (pink box). The vertical axis shows the phase to ground voltage in 
percentages. The measurements indicate distortions exceeding 0.1% up to 11 th harmonic. At 
harmonics above 50th the recoded distortion is < 0.045%. 


 


 


 


 


Figure 29: 33kV node measurements 
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Figure 30 shows site records of harmonic measurements taken at an 11kV node in the network 
given in section 3.1.1 (green box). The vertical axis shows the phase to phase voltage in 
percentages. The measurements indicate distortions exceeding 0.1% up to 11 th harmonic. At 
harmonics above 50th, no distortions were recorded. 


 


 


 


 


Figure 30: 11kV node measurements 


 


3.2.3.2 Distribution network - Historical trends  


Historical harmonic data taken at four 33kV nodes of Western Power Distribution network have 
been analysed to see the trend in harmonics above 2.1 kHz (42nd harmonic). The data is banded 
into 0.2 kHz. All the voltages provided are phase to phase voltages. This area of the network has a 
large number of PV farms but they do not have dedicated system filters other than the filters 
supplied with the PV modules. 
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The Table 9 shows the PVs connected to Pyworthy and North Tawton area. 


Table 9: PVs connected to Pyworthy and North Tawton area 


Generator type  


 


Year Capacity (MW) Aggregated 
generation (MW) 


PV 2012 5.0 5.0 


PV 2013 3.5 8.5 


PV 2014 3.2  


PV 2014 3.3  


PV 2014 18.0  


PV 2014 10.0  


PV 2014 5.0 48 


PV 2015 5.0  


PV 2015 5.0  


PV 2015 7.0  


PV 2015 7.0 72 


 


Figure 31 shows the harmonic distortions at North Tawton in 2014, 2015 and 2016.  The data 
shows increased harmonic distortions around 3.1kHz and 3.3kHz in 2014 and 2015 mainly due to 
PVs connected to the area. It is not clear why this was not observed in 2016 data. The magnitude 
of the voltage distortions above 3.3 kHz (66th harmonic) is < 10V (0.03%) in the analysed data. 
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Figure 31: 33kV historical data recorded at North Tawton 


Figure 32 (a), (b) and (c) show the average daily profiles for North Tawton in May 2014, Nov 2015 
and Nov 2016. 
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(b) NT Nov 2015 profile 


 


 


 


 


 


(c) NT Nov 2016 profile 


Figure 32: North Tawton May 2014 (a), Nov 2015 (b) and Nov 2016 (c) daily profiles 
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Figure 33 shows the data at Pyworthy in 2014, 2015 and 2016.  Similar to North Tawton, increased 
harmonic distortions are seen at 3.1kHz and 3.3kHz in 2014 due to PVs connected to the area. 
The difference in distortions at 3.1kHz and 3.3kHz in 2014 data compared to 2015 and 2016 could 
be due to difference in irradiance levels. 


 


Figure 33: 33kV historical data recorded at Pyworthy 


Figure 34 (a), (b) and (c) show the average daily profiles for Payworthy in May 2014, Nov 2015 
and Nov 2016. 


 


(a) PY May 2014 profile 
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(b) PY Nov 2015 profile 


 


 


 


(c) PY Nov 2016 profile 


Figure 34: Pyworthy May 2014 (a), Nov 2015 (b) and Nov 2016 (c) daily profiles 
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Figure 35 shows the data at St. Tudy for 2016.  The data shows distortions at 3.1kHz and 3.3kHz 
of 42V (0.13%) and 61V (0.19%) respectively. The magnitudes of harmonic distortions above 66 th 
are < 0.03%. 


 


Figure 35: 33kV historical data recorded at St. Tudy 


Figure 36 shows the average daily profile for ST Tudy in Nov 2016. 


 


 


 


Figure 36: St Tudy 2016 daily profile 
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Figure 37 shows the data at Weston for 2013 and 2017.  The data shows distortions at 2.7kHz 
(54th harmonic) of 0.15% in 2017 recorded data. 


 


Figure 37: 33kV historical data recorded at Weston BSP 


Figure 38 (a) and (b) show the average daily profile for Weston in Sep 2013 and Jan 2017. 
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(b) WE Jan 2017 profile 


Figure 38: Weston Sep 2013 (a) and Jan 2017 (b) daily profiles 


 


Figure 39 shows the distortions measured at the PV farm at 33kV level directly. The distortion 
measured at 2.5kHz is 0.12% and is < 0.09% for harmonics above 2.7kHz.  


 


 


Figure 39: 33kV data recorded at PV farm connected Weston BSP 


 
Figure 40 shows the average daily profile for the PV farm in Jan 2017. 
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Figure 40: PV farm April 2017 profile 


 


3.2.3.3 Transmission Network  


Figure 41 shows 400kV harmonic measurements from a 400MW wind farm. The reading is 20 
days 95% values. The WTGs connected to the site have an emission spectrum shown in Figure 8. 
The measured distortions above 50th harmonic are << 0.1%. In addition to the WTG PWM filters, 
the site had its dedicated system filters at 132kV. 
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Figure 41: 400kV connected wind farm site records 


 


Figure 42 shows harmonic measurements taken from a 12 pulse LCC type HVDC converter. The 
site has dedicated high pass filters. However, at the connection point distortions above 0.1% can 
be seen on some of the characteristics harmonics.  


 


Figure 42: LCC type HVDC harmonic measurements 
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Figure 43: 95-Percentile over three and half months at Substation A- 400 kV, in south east 


Measurement through PQ-CVT (No HVDC connection in the close proximity) 


 


 


Figure 44: 95-Percentile over four months at Substation B, 275 kV, in north Measurement through 
PQ-CVT (No HVDC connection in the close proximity) 
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Figure 45:95-Percentile over nine days at Substation C, 400 kV, in south west  Measurement 
through PQ-CVT (No HVDC connection in the close proximity) 


 


 


4 Practical cases on high order harmonic disturbances 


4.1 In UK 


There is a reported case of an onshore wind farm installation causing equipment malfunction due 
to 62nd harmonic voltage distortion. Following an investigation by the distribution network owner, 
filters were installed at the turbine which solved the problem. 


 


4.2 International 


A long term measurement campaign was carried (2012/2013) out in [5] at 25 sites measuring 
voltage distortions up to 40kHz. The paper states that high frequency distortions appeared to be a 
localised phenomenon that doesn’t propagate far. No customer complaints have been known on 
the measurement networks associated with PV installations. The paper also stated that the EMC 
filter has a major influence on the resulting source behaviour of the inverter. The paper concluded 
by stating that grids with PV have elevated voltage distortions between 16kHz and 20kHz (PWM 
frequency being around 17kHz) during day time reaching up to 1V (0.43%). At night the levels are 
commonly as low as in grids without PV.  


 


The paper also reports a practical case of LV equipment failure; noise from television, coffee 
maker failure, hair dryer control and periodic malfunction of a milling machine. The reported 
failures are within 200m of the each other. The source of the disturbance was identified as the mill 
itself. The mill used an inverter technology which was causing 8kHz distortions. The investigation 
showed that the mill was commissioned without an EMC filter. As a first mitigation, the factory 







   


   
   
   


   
 


48 
 


feeder was moved to a different part of the grid. This solved the issues for all except for the 
malfunction of the milling machine itself. As a final solution, manufacturer specific filter was 
installed to stop malfunction of the milling machine. 


 


4.3 Practicality of measurements on existing networks  


The table below shows an indication on number of WVTs that may need to be replaced for a 
particular DNO area if the distribution networks were to monitor harmonics above 50 th. 


 


 No. of Sites Area 1 


VT Count Approx 


 
1 2 4 


Count of 
Primary  


325 325 650 
 


Count of BSP 44 44 
 


176 


     


 No. of Sites Area 2 


VT Count Approx 


 
1 2 4 


Count of 
Primary  


181 181 362 
 


Count of BSP 57 57 
 


228 


     


4.4 Contractual position 


It is important that if recommendations are made to enforce harmonics above 50 th harmonics then 
these should be indicative only. An example of a wording that could be used for harmonics above 
50th are;  


“The harmonic limits outlined in this document are indicative only. The limit values are based on 
“present art” and are subject to revision in the light of when future knowledge changes the state of 
“present art” 


 


4.5 Applicable voltage levels 


At present time there is some evidence of high order harmonics on the LV networks to a very low level. 


Some measurements have shown high frequency distortions far from harmonic sources. In relation to HV 


and EHV measurements there is evidence of high order harmonics which are also at a very low level. 


Therefore, when applying harmonics above 50th, it is difficult to exclude a specific voltage level.  


 


5 Summary of conclusions 


Based on the contents of the work presented, the following summary is made;   


 


• Devices with much wider frequency spectrum are being connected to the network in increasing 


numbers. These devices have emissions in the frequency range well above 2.5 kHz.  
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• The accuracy of models used to represent harmonics behavior of network elements is 


important. Various models available in the literature results in different outcome on the harmonic 


assessment. The accuracy of these models becomes more important when considering 


harmonics above 50th as the differences becomes large at high frequency. 


 


• The standards and literature suggests that present day technology on wound VTs and CTs 


have limited frequency response behavior. Depending on the voltage level, wound VTs have 


limited capability. Replacement of DNO VTs would have a significant cost and burden but this 


may be without a quantified need. 


 


• There are a number of monitors available in the market capable of recording harmonics above 


50th. However, this has to be looked in the context of the transducer that feeds into the 


monitoring system. 


 


• There is some evidence of high order harmonics on the LV networks but to a very low level at 


present in time. It is not clear whether these levels of high frequency harmonic penetration will 


increase proportionally with increased installations and if the emissions would propagate further 


from the source of the emissions in every case. Some measurements have shown high 


frequency distortions far from harmonic sources. In relation to HV and EHV measurements 


there is evidence of high order harmonics which are also at a very low level. However, when 


assessing the daily profile the high order harmonics magnitude correlates strongly with a PV 


generation profile.   


 


• In order to manage future emissions on high frequency harmonics from installations, it may be 


relevant to consider a time frame for high frequency limits to be considered as indicative only. 


Sufficient time should be given to network operators to make changes to harmonic monitoring 


system. The cost of such changes versus the benefits it has to offer to the wider networks 


should be considered and justified.  


 


• If limits on frequency above 50th harmonics are to be proposed either as recommendations or as 


indicative only, then the contractual position should be carefully considered. These come down 


to the accuracy of the models and transducers used to quantify whether compliance has been 


achieved or not.   
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Introduction  


This document provides the analytical foundation and justification for the calculations 
specified as part of the Stage 1 and Stage 2 assessments of ENA EREC G5 Issue 5. 


Each assessment substage is considered in a separate chapter. 


1 Normative references 


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


ENA EREC G5 Issue 5, Harmonic voltage distortion and the connection of non-linear and 
resonant plant and equipment to transmission systems and distribution networks in the 
United Kingdom 


IEC/TR 60725, Consideration of reference impedances and public supply network 
impedances for use in determining the disturbance characteristics of electrical equipment 
having a rated current ≤ 75 A per phase 


IEC 61000-3-12, Electromagnetic compatibility (EMC) — Part 3-12: Limits — Limits for 
harmonic currents produced by equipment connected to public low-voltage systems with 
input current > 16 A and ≤ 75 A per phase 1) 


IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for 
harmonic current emissions (equipment input current ≤ 16 A per phase) 2) 


 


2) BS EN 61000-3-12 and EN 61000-3-12 are identical to this reference. 


3) BS EN 61000-3-2 and EN 61000-3-2 are identical to this reference. 


 


2 Terms and definitions 


For the purposes of this document, the following variable definitions apply: 


Zref   is the network reference impedance (Ω), derived from IEC TR 60725; 


Xref   is the network reference reactance (Ω), derived from IEC TR 60725; 


Rref   is the network reference resistance (Ω), derived from IEC TR 60725; 


GhLV    is the permissible global harmonic voltage contribution at the PCC  
   (% h = 1); 


GhLVM   is the modified permissible global harmonic voltage contribution at the PCC 
   (% h = 1); 


Zh   is the network harmonic impedance (Ω) at harmonic order h, with Z1 as the 
   50 Hz value; 


R1   is the system resistance (Ω) at 50 Hz; 







ENA Engineering Recommendation G5 Issue 5, 2018  
Background to Stage 1 and Stage 2 
Page 6 
 


 


k   is the worst-case reactance factor (see Error! Reference source not 
found. of EREC G5 Issue 5); 


X1   is the system reactance (Ω) at 50 Hz; 


Vh c    is the incremental increase in harmonic voltage distortion (% Vphase) at the 
   PCC; 


Ih    is the harmonic current emission of the connecting plant (A), with I1 being 
   the 50 Hz value; 


Vphase   is the rated phase–neutral voltage (V); 


Vs    is the rated phase–phase voltage at the PCC (V); 


Nh    is the maximum number of items of equipment that ensures that the  
   summated  voltage distortion does not exceed GhLVM for each harmonic 
   order h; 


FSCE Min   is the minimum short-circuit ratio factor from Error! Reference source not 
found. of EREC G5 Issue 5; 


SSC   is the system short-circuit power (fault level) at the PCC (VA); 


SSC 3ph   is the three-phase short-circuit level at the PCC (VA); 


SSC 1ph   is the single-phase short-circuit level at the PCC (VA); 


THDI    is the total harmonic current distortion (per unit) of the plant or equipment; 


Iequ   is the equipment rated current (A); 


Ih %    is the harmonic current emission of the connecting plant (% h = 1); 


Sequ n    is the equipment rated power (VA) for the nth item of plant or equipment; 


SSC PCC Min   is the minimum short-circuit power (MVA) at the PCC for the combination 
   of all items of plant or equipment; 


SSC Min n  is the minimum short-circuit power (MVA) at the PCC for the nth item of 
   plant or equipment with a stated SSC Min as part of its compliance statement 
   “Equipment Complying with IEC 61000-3-12 Subject to SSC Min ≥ X kVA”; 


∑Sequ permitted  is the aggregate permitted equipment rated power (VA);  


Vh PL   is the planning level (% h = 1) for harmonic voltage at order h; 


Vh headroom   is the available proportion of Vh PL, determined by subtracting a measured 
   value of background harmonic voltage from the planning level or by  
   allocating a proportion of the total planning level; 


Rsce   is the short-circuit ratio value of a piece of equipment; 


T   is the harmonic transfer coefficient from 11 kV to LV; 


ksde   is the short-duration burst factor. 
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3 Background to Stage 1A 


Under Stage 1A, equipment that is compliant with IEC 61000-3-2 is not subject to conditional 
connection. This is consistent with the intention behind the IEC 61000-3-2 standard and is 
further justified by analysis that has considered how many items compliant with the standard 
may connect before the voltage distortion created is excessive. The basis of this analysis is 
as follows. 


• The PCC is LV. 


• The impedance at the PCC is set at 0.8 × 0.6 of the reference impedance in 
IEC TR 60725, Zref = Rref + jXref. Note that the reference impedances given in 
IEC TR 60725 – see Annex B of this document – refer to the supply terminals, not the 
PCC. The 0.8 and 0.6 factors are intended to reflect the difference between the supply 
terminals and the PCC as well as the distribution of equipment along the network. 


• The network harmonic impedance, Zh, envelope is derived from an impedance factor, k, 
equal to 1 for harmonic order h ≤ 7 and equal to 0.5 for harmonic order h > 7, using the 
following equation: 


 Zh = √(R1√h)
2
+ k2


h
2
X1


2
 


where R1 = 0.8 × 0.6 × Rref and X1 = 0.8 × 0.6 × Xref. 


• Harmonic current emission is set at typical levels based on equipment type and rating – 
see Annex C of this document which gives one of the three emission profiles considered. 


• Summation of harmonic voltages for multiple items of equipment is done using the 
following aggregation rule:  


Vh = √∑Vhi
α


i


α


 


where α, the summation exponent, is equal to: 1 for h < 5; 1.4 for 5 ≤ h ≤ 10; and 
2 for h > 10. 


• Permissible global emission, GhLV, at the PCC is as shown in Annex A of this document. 


• Modified global harmonic voltage contribution at the PCC, GhLVM, is as explained in 
Annex A of this document. 


• The voltage distortion for one item of equipment, at harmonic h, is calculated as follows: 


Vh c=
100ZhIh


Vphase
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• The maximum number of items of equipment, Nh, that ensures that the summated voltage 
distortion does not exceed GhLVM for each harmonic is derived from:  


Nh = 
GhLVM


α


Vh c
α  


which can be expressed as follows:  


Nh = 
GhLVM


α


(
100
230


Ih√(R1√h)
2
+ k


2
h


2
X1


2
)


α 


Analysis of equipment with and without harmonic reduction technology indicated that the 
allocated voltage distortion limit is reached with 13–19 items, depending upon the 
assumptions made.   


Calculation of Nh for each harmonic order for each harmonic current emission profile has 
been performed; the limiting harmonic for one case is the 3rd harmonic. This calculation is 
illustrated below. 


Nh = 
4.0


(
100
230


×1.48288×√((0.8×0.6×0.4)×√3)
2


+ (12×3
2×(0.8×0.6×0.25)2))


 = 12.66 ≈ 13 
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4 Background to Stage 1B 


4.1 Background to Stage 1B-1 


4.1.1 Derivation of Table 18 minimum short-circuit ratio factors 


The following two subsections derive the equations that govern the FSCE Min factors in 
Table 18 of EREC G5 Issue 5 for single-phase and three-phase connections, respectively. 


4.1.1.1 Single-phase 


SSC = 
Vphase


2


Z1


= 
Vphase


2


√R1
2 + X1


2


=
Vphase


2


R1
√1+ (


X1


R1
)


2


 


R1 = 
Vphase


2


SSC
√1+ (


X1


R1
)


2


 


Zh = √(R1√h)
2
+ k


2
h


2
X1


2
 = R1


√h+ k
2
h


2 (
X1


R1


)


2


  =  
Vphase


2


SSC
√1+ (


X1


R1
)


2


√h + k
2
h


2 (
X1


R1


)


2


  


I1 = 
Iequ


√1+ THDI
2


 


Ih = 
Ih %I1


100
 = 


Ih %I
equ


100√1+ THDI
2


 


Vh c=
100ZhIh


Vphase


 


Vh c =


100  
Vphase


2


SSC
√1+ (


X1


R1
)


2


√h+ k
2
h


2 (
X1


R1
)


2


 
Ih %I


equ


100√1 + THDI
2


Vphase


=


SequIh %
√h+ k


2
h


2 (
X1


R1
)


2


 


SSC
√1+ THDI


2√1+ (
X1


R1
)


2
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If the jth item of equipment complying with IEC 61000-3-12 produces voltage distortion Vh c j 
(% h = 1) then, assuming each has the same Ih %, X1/R1 and THDI, then GhLVM is given by: 


GhLVM = √∑Vhc j
α


M


j


α


 = 


√
  
  
  
  
  
  
 


∑


(


 
 
 Sequ j Ih %√h+ k


2
h


2 (
X1


R1
)


2


 


SSC
√1+ THDI


2√1+ (
X1


R1
)


2


)


 
 
 


α


M


j


α


 


GhLVM = 


(


 
 
 Ih %√h+ k


2
h


2 (
X1


R1
)


2


 


SSC
√1+ THDI


2√1+ (
X1


R1
)


2


)


 
 
 


√∑Sequ j
α


M


j


α SSC


√∑ Sequ j
αM


j


α


 


GhLVM = 


Ih %√h+ k
2
h


2 (
X1


R1
)


2


 


GhLVM
√1+ THDI


2√1+ (
X1


R1
)


2


 =  
FSCE Min


1000
 


The above formula has been used to derive the FSCE Min factors in Table 18. In this derivation 
the limiting harmonic, h, for M < 6 is 12, for 6 ≤ M ≤ 7 it is 6 and for M > 7 it is 3. 


4.1.1.2 Three-phase 


SSC = 
Vs


2


Z1


 =  
Vs


2


√R1
2 + X1


2


 = 
Vs


2


R1
√1 + (


X1


R1
)


2


 


R1 = 
Vs


2


SSC
√1+ (


X1


R1
)


2


 


Zh = √(R1√h)
2
+ k


2
h


2
X1


2
  = R1 √h+ k


2
h


2 (
X1


R1


)
2


 = 
Vs


2


SSC
√1+ (


X1


R1
)


2


√h+ k
2
h


2 (
X1


R1


)
2


  


I1 = 
Iequ


√1+ THDI
2


 


Ih = 
Ih % I1
100


 = 
Ih % I


equ


100√1+ THDI
2
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Vh c = 
100ZhIh


Vphase


 


 


Vh c = 
100√3ZhIh


Vs


 


Vh c  = 


100  
Vs


2


SSC
√1+ (


X1


R1
)


2


√h+ k
2
h


2 (
X1


R1
)


2


 
Ih %I


equ


100√1 + THDI
2


Vs


 = 


SequIh %
√h+ k


2
h


2 (
X1


R1
)


2


 


SSC
√1+ THDI


2√1+ (
X1


R1
)


2


 


Thus, the formula is equivalent to that for single-phase equipment. 


4.1.2 Example calculation 


M = 6; h = 6; k = 1; α = 1.4; X1/R1 = 0.625 for ISCC < 100 A; G6LVM % = 0.4857; I6 % = 2.6667; 
THDI = 0.23 pu. 


NOTE: The I6 % and THDI values are taken from Table 2 of IEC 61000-3-12. 


FSCE Min


1000
 = 


Ih %√h+ k
2
h


2 (
X1


R1
)


2


 


GhLVM %
√1+ THDI


2√1+ (
X1


R1
)


2


 = 
2.6667√6+ 1


2
6


2
0.625


2
 


0.4857√1+ 0.23
2√1+ 0.625


2
 = 20.324  


4.2 Background to Stage 1B-2 Equation 9 


The “Equipment Complying with IEC 61000-3-12” is based on SSC PCC / Sequ = 33, which 


forms the basis of the first term, SSC PCC Min  =  33∑ Sequ m
M
m = 1 , in Equation 9. 


NOTE: The coefficient value 33 is taken from IEC 61000-3-12. 


The second term in Equation 9 is derived as follows: 


SSC Min


√∑ Sequ n
αN


n


α


=


Ih %√h+ k
2
h


2 (
X1


R1
)


2


 


GhLVM %
√1+ THDI


2√1+ (
X1


R1
)


2
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SSC Min = 


Ih %√h+ k
2
h


2 (
X1


R1
)


2


  √∑ Sequ n
αN


n


α


GhLVM %
√1+ THDI


2√1+ (
X1


R1
)


2
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Assuming α = 1: 


SSC Min = 


Ih %√h+ k
2
h


2 (
X1


R1
)


2


 ∑ Sequ n
N
n


GhLVM %
√1+ THDI


2√1+ (
X1


R1
)


2


 


SSC Min n = 


Ih %√h+ k
2
h


2 (
X1


R1
)


2


 Sequ n


GhLVM %
√1+ THDI


2√1+ (
X1


R1
)


2


 


SSC Min = ∑SSC Min n


N


n=1


 


This is the second term in Equation 9. 
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5 Background to Stage 1C  


5.1 Background to Stage 1C-1 Table 19 


Assumptions: 


• PCC is LV. 


• Network harmonic impedance, Zh, envelope is derived from impedance factor, k, equal to 
1 for harmonic order h ≤ 7 and 0.5 for h > 7: 


 Zh = √(R1√h)
2
+ k2


h
2
X1


2
 


where X1/R1 ratio is set at 1 for three-phase converters and 0.625 for the single-phase 
rectifier – see Annex B for the basis of these ratios. 


• Harmonic current emission is set at typical levels for each converter technology type – 
see Annex C of this document. 


• Permissible voltage distortion emission is set at 1/4 of 25% of the LV planning levels for 
three-phase connections and 1/2 of 25% of the planning levels for single-phase 
connections. For the three-phase case, this is based on assuming 15 pieces of existing 
disturbing equipment resulting in voltage distortion at 75% of the planning levels, thus 
leaving five items to produce the remaining 25%, taken together with a coincidence factor 


of 0.9. With a coincidence factor of 0.9, the five pieces equate to four, based on 0.9 × 5, 
rounded down to four. For single-phase connections, this is based on assuming six 
pieces of existing disturbing equipment resulting in voltage distortion at 75% of the 
planning levels, leaving two items to produce the remaining 25%, taken together with a 
coincidence factor of 1. 


• Summation of harmonic voltages for multiple items of equipment is done using a 
summation exponent, α, of unity: 


Vh = √∑Vhi
α


i
 


α


 = ∑Vhi
i


 


• The aggregate permitted equipment rated power (VA), ∑Sequ permitted, for a three-phase 
connection is calculated as follows: 


∑Sequ permitted  = 


1
4


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2
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• The corresponding single-phase aggregate permitted equipment rated power (VA), 
∑Sequ permitted, is calculated by: 


∑Sequ permitted  = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


5.1.1 Derivation of Table 19 value for three-phase six-pulse converters 


We will calculate the permitted aggregate equipment rated power, ∑Sequ permitted, for a three-
phase six-pulse converter. 


Calculation of ∑Sequ permitted for the reference LV short-circuit power of 10 MVA has been 
performed for each harmonic order; the limiting harmonic has been found to be the 5th 
harmonic for six-pulse technology. The Table 19 value is based on the following calculation: 


∑Sequ permitted  = 


1
4


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


1
4
×0.25×4%×10 MVA√1 + 0.3441


2√1+ 1
2


31.4% √5+ 1
2×5


2×1
2
 


= 21.74 kVA  


5.1.2 Derivation of Table 19 value for three-phase active-front-end converters 


We will calculate the permitted aggregate equipment rated power, ∑Sequ permitted, for a three-
phase active-front-end converter. 


Calculation of ∑Sequ permitted for the reference LV short-circuit power of 10 MVA has been 
performed for each harmonic order; the limiting harmonic has been found to be the 5th 
harmonic for active-front-end technology. The Table 19 value is based on the following 
calculation: 


∑Sequ permitted  = 


1
4


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


1
4
×0.25×4%×10 MVA√1 + 0.038067


2√1+ 1
2


3.37% √5+ 1
2×5


2×1
2
 


= 191.68 kVA 
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5.1.3 Derivation of Table 19 value for three-phase twelve-pulse converters 


We will calculate the permitted aggregate equipment rated power, ∑Sequ permitted, for a three-
phase twelve-pulse converter. 


Calculation of ∑Sequ permitted for the reference LV short-circuit power of 10 MVA has been 
performed for each harmonic order; the limiting harmonic has been found to be the 37th 
harmonic for twelve-pulse technology. This reflects the assumed harmonic emission profile, 
the assumed current summation exponent, the assumed harmonic impedance and the 
voltage distortion planning level for each harmonic used in the calculation. Although we 
would expect the 11th harmonic to be the limiting case, calculation shows that this gives a 
less onerous value – 86 kVA compared with 77 kVA for the 37th harmonic; indeed, the 23rd, 
25th, 35th harmonics are also all more onerous than the 11th harmonic case. 


The Table 19 value is based on the following calculation: 


∑Sequ permitted  = 


1
4


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


1
4
×0.25×0.6757%×10 MVA√1 + 0.05957


2√1+ 1
2


0.4% √37+ 0.5
2×37


2×1
2
 


= 76.81 kVA. 


5.1.4 Derivation of Table 19 value for single-phase rectifiers 


We will calculate the permitted aggregate equipment rated power, ∑Sequ permitted, for a single-
phase rectifier. 


Calculation of ∑Sequ permitted for the reference LV short-circuit single-phase power of 2 MVA 
has been performed for each harmonic order; the limiting harmonic has been found to be the 
21st harmonic for single-phase rectifier technology. The Table 19 value is based on the 
following calculation: 


∑Sequ permitted  = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


1
2
×0.25×0.2%×2 MVA√1+ 0.87693


2√1+ 0.625
2


1.24% √21+ 0.5
2×21


2×0.625
2
 


= 7.9 kVA. 
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5.2 Background to Stage 1C-2 Equation 12 


As per above, the limiting harmonic for six-pulse and active-front-end converters has been 
found to be the 5th harmonic. This has allowed the derivation of Equation 12 based on the 
following assumptions: 


• PCC is LV. 


• Network harmonic impedance, Zh, envelope is derived from an impedance factor, k, equal 
to 1 for harmonic order h ≤ 7 and 0.5 for h > 7: 


 Zh = √(R1√h)
2
+ k2


h
2
X1


2
 


where X1/R1 ratio is set at 1. 


• Harmonic current emission is set at typical levels for each converter technology type – 
see Annex C of this document. 


• Permissible voltage distortion emission is set at 1/4 of 25% of the LV planning levels for 
three-phase connections. This is based on assuming 15 pieces of existing disturbing 
equipment resulting in voltage distortion at 75% of the planning level, thus leaving five 
items to produce the remaining 25%, taken together with a coincidence factor of 0.9. With 


a coincidence factor of 0.9, the five pieces equate to four, based on 0.9 × 5, rounded 
down to four.  


• Summation of harmonic voltages for multiple items of equipment is done using a 
summation exponent, α, of unity: 


Vh = √∑Vhi
α


i
 


α


 = ∑Vhi
i


 


• The equation for calculating the minimum short-circuit power at the PCC (SSC PCC Min), 
Equation 12, is derived as follows: 


SSC PCC Min = 


 ∑ Sequj


J
j=1 Ihj %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
4


 25% Vh PL√1+ THDIj
2√1+ (


X1


R1
)


2


 


+


 ∑ Sequk


K
k=1 Ihk %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
4


 25% Vh PL√1+ THDIk
2√1+ (


X1


R1
)


2


 


 


SSC PCC Min = 
 ∑ Sequj


J
j=1 ×31.4%×√5+ 1


2
5


2
1


2
 


1
4
×0.25×4%√1+ 0.3441


2√1+ 1
2
 


+
 ∑ Sequk


K
k=1 ×3.37%×√5+ 1


2
5


2
1


2
 


1
4
×0.25×4%√1+ 0.038067


2√1+ 1
2
 


 


 


SSC PCC Min = 459.977∑ Sequj


J
j=1 + 52.170 ∑ Sequk


K
k=1   
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6 Background to Stage 1D  


6.1 Background to Stage 1D-1 


The following formulae have been used in the derivation of the values in Table 19. 


• The aggregate permitted equipment rated power (VA), ∑Sequ permitted, for a three-phase 
connection is calculated as follows: 


∑Sequ permitted  = 


1
4


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


• The corresponding single-phase ∑Sequ permitted is calculated by: 


∑Sequ permitted  = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


The calculations assume a reference 10 MVA value for the short-circuit power term, SSC PCC, 
for the three-phase cases and a reference 2 MVA value for the single-phase case. So, to 
adjust the Table 19 values for a site-specific short-circuit power, the Table 19 value must be 
divided by the appropriate assumed value and multiplied by the site-specific short-circuit 
power. 


The Table 19 calculations assume headroom of 25% of the planning level for the limiting 
harmonic. So, to adjust the Table 19 values for site-specific headroom, the Table 19 value 
must be divided by 25% of the planning level and multiplied by the site-specific headroom. 
This is the basis of Equations 13, 15 and 17 in Stage 1D-1, as detailed in EREC G5 Issue 5. 


6.2 Background to Stage 1D-2 Equation 19 


In deriving Equation 19, the headroom is set at 25% of the planning level for the 5th 
harmonic.   


SSC PCC Min can be written as: 


SSC PCC Min = 


 ∑ Sequj


J
j=1 Ihj %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
4


Vh headroom√1+ THDIj
2√1+ (


X1


R1
)


2


 


+


 ∑ Sequk


K
k=1 Ihk %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
4


Vh headroom√1+ THDIk
2√1+ (


X1


R1
)


2
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With h = 5 this becomes: 


SSC PCC Min = 
 ∑ Sequj


J
j=1 ×31.4%×√5+ 1


2
5


2
1


2
 


1
4
×V5 headroom


√1 + 0.3441
2√1+ 1


2
 


+
 ∑ Sequk


K
k=1 ×3.37%×√5+ 1


2
5


2
1


2
 


1
4
×V5 headroom


√1 + 0.038067
2√1+ 1


2
 


 


 


SSC PCC Min = 
459.977∑ Sequj


J
j=1 + 52.170 ∑ Sequk


K
k=1


 V5 headroom
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7 Background to Stage 2A  


7.1 Background to Stage 2A-1 Table 21 


Assumptions: 


• PCC is 11 kV. 


• Network harmonic impedance, Zh, envelope derived from impedance factor, k, is equal to 
2 for harmonic order h ≤ 8 and 1 for h > 8: 


 Zh = √(R1√h)
2
+ k2


h
2
X1


2
 


where X1/R1 ratio is set at 8. 


• Harmonic current emission is set at typical levels for each converter technology type – 
see Annex C of this document. 


• Permissible voltage distortion emission is set at 1/2 of 25% of the LV planning levels for a 
three-phase connection. This is based on assuming ten pieces of existing disturbing 
equipment resulting in voltage distortion at 75% of the planning level, leaving 0.25 × 10 
items to give the remaining 25%, taken together with a coincidence factor of 0.9. With a 
0.9 coincidence factor, the 0.25 × 10 pieces equate to two, based on 0.9 × 0.25 × 10 
rounded down to two.   


• Summation of harmonic voltages for multiple items of equipment is done using a 
summation exponent, α, of unity: 


Vh = √∑Vhi
α


i
 


α


 = ∑Vhi
i


 


• The aggregate permitted equipment rated power (VA), ∑Sequ permitted, is calculated as 
follows: 


∑Sequ permitted  = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


7.1.1 Derivation of Table 21 value for three-phase six-pulse converters 


We will calculate the permitted aggregate equipment rated power, ∑Sequ permitted, for a three-
phase six-pulse converter. 
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Calculation of ∑Sequ permitted for the 6.6/11/20/22 kV PCC with reference short-circuit power of 
60 MVA has been performed for each harmonic order; the limiting harmonic has been found 
to be the 5th harmonic for six-pulse technology. The Table 21 value is based on the following 
calculation: 


∑Sequ permitted  = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


1
2
×0.25×3%×60 MVA√1 + 0.3441


2√1+ (8)2


31.4% √5+ 2
2
5


2(8)2 


 = 76.34 kVA 


7.1.2 Derivation of Table 21 value for three-phase active-front-end converters 


We will calculate the permitted aggregate equipment rated power, ∑Sequ permitted, for a three-
phase active-front-end converter. 


Calculation of ∑Sequ permitted for the 6.6/11/20/22 kV PCC with reference short-circuit power of 
60 MVA has been performed for each harmonic order; the limiting harmonic has been found 
to be the 5th harmonic for active-front-end technology. The Table 21 value is based on the 
following calculation: 


∑Sequ permitted  = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


1
2
×0.25×3%×60 MVA√1 + 0.038067


2√1+ (8)2


3.37% √5+ 2
2
5


2(8)2 


 = 673 kVA 
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7.1.3 Derivation of Table 21 value for three-phase twelve-pulse converters 


We will calculate the permitted aggregate equipment rated power, ∑Sequ permitted, for a three-
phase twelve-pulse converter. 


Calculation of ∑Sequ permitted for the 6.6/11/20/22 kV PCC with reference short-circuit power of 
60 MVA has been performed for each harmonic order; the limiting harmonic has been found 
to be the 11th harmonic for twelve-pulse technology. The Table 21 value is based on the 
following calculation: 


∑Sequ permitted  = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


1
2
×0.25×2%×60 MVA√1 + 0.05957


2√1+ (8)2


4.8% √11+ 1
2
11


2(8)2 


 = 286.61 kVA 


7.2 Background to Stage 2A-2 Equation 23 


As per Stage 1, the limiting harmonic for six-pulse and active-front-end converters has been 
found to be the 5th harmonic. This has allowed the derivation of Equation 23 based on the 
following assumptions: 


• PCC is 11 kV. 


• Network harmonic impedance, Zh, envelope is derived from an impedance factor, k, equal 
to 2 for harmonic order h ≤ 8 and 1.0 for h > 8: 


 Zh = √(R1√h)
2
+ k2


h
2
X1


2
 


where X1/R1 ratio is set at 8. 


• Harmonic current emission is set at typical levels for each converter technology type – 
see Annex C of this document. 


• Permissible voltage distortion emission is set at 1/2 of 25% of the LV planning levels for a 
three-phase connection. This is based on assuming ten pieces of existing disturbing 


equipment resulting in voltage distortion at 75% of the planning level, leaving 0.25 × 10 
items to provide the remaining 25%, taken together with a coincidence factor of 0.9. With 
a 0.9 coincidence factor, the 0.25 × 10 pieces equate to two, based on 0.9 × 0.25 × 10 
rounded down to two.   


• Summation of harmonic voltages for multiple items of equipment is done using a 
summation exponent, α, of unity: 


Vh = √∑Vhi
α


i
 


α


 = ∑Vhi
i
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• The equation for calculating the minimum short-circuit power at the PCC (SSC PCC Min), for 
mixed three-phase converter technology (i.e. a mix of six-pulse and active-front-end 
technology), Equation 23, is derived as follows: 


SSC PCC Min = 


 ∑ Sequj


J
j=1 Ihj %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
2


Vh PL√1+ THDIj
2√1+ (


X1


R1
)


2


 


+


 ∑ Sequk


K
k=1 Ihk %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
2


Vh PL√1+ THDIk
2√1+ (


X1


R1
)


2


 


 


 


SSC PCC Min = 
 ∑ Sequj


J
j=1 ×31.4%×√5+ 2


2
5


2
8


2
 


1
2
×0.25×3%√1+ 0.3441


2√1+ 8
2
 


+
 ∑ Sequk


K
k=1 ×3.37%×√5+ 2


2
5


2
8


2
 


1
2
×0.25×3%√1+ 0.038067


2√1+ 8
2
 


 


 


SSC PCC Min = 785.962∑Sequj


J


j=1


+ 89.143 ∑Sequk


K


k=1
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8 Background to Stage 2B 


8.1 Background to Stage 2B-1 


The following formulae has been used to derive the values in Table 21: 


∑Sequ permitted = 


1
2


 25% Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


The calculations assume a reference 60 MVA value for the short-circuit power term, SSC PCC.  
To adjust the Table 21 values for site-specific short-circuit power, the Table 21 value must be 
divided by the appropriate assumed value and multiplied by the site-specific short-circuit 
power. 


The Table 21 calculations assume headroom of 25% of the planning level for the limiting 
harmonic. So, to adjust the Table 21 values for site-specific headroom, the Table 21 value 
must be divided by 25% of the planning level and multiplied by the site-specific headroom. 
This is the basis of Equations 24 and 26 in Stage 2B-1. 


8.2 Background to Stage 2B-2 Equation 28 


In deriving Equation 28 for the minimum short-circuit power at the PCC, SSC PCC Min, the 
headroom is set at 25% of the planning level for the 5th harmonic.   


SSC PCC Min = 


 ∑ Sequj


J
j=1 Ihj %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
2


Vh headroom√1+ THDIj
2√1+ (


X1


R1
)


2


 


+


 ∑ Sequk


K
k=1 Ihk %


√h+ k
2
h


2 (
X1


R1
)


2


  


1
2


Vh headroom√1+ THDIk
2√1+ (


X1


R1
)


2


 


 


With h = 5, current emissions at their previously assumed values and the X1/R1 ratio of 8, this 
becomes: 


SSC PCC Min = 
 ∑ Sequj


J
j=1 ×31.4%×√5+ 2


2
5


2
8


2
 


1
2
×V5 headroom


√1 + 0.3441
2√1+ 8


2
 


+
 ∑ Sequk


K
k=1 ×3.37%×√5+ 2


2
5


2
8


2
 


1
2
×V5 headroom


√1 + 0.038067
2√1+ 8


2
 


 


SSC PCC Min = 
589.472∑ Sequj


J
j=1 + 66.857 ∑ Sequk


K
k=1


 V5 headroom
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9 Background to Stage 2C  


9.1 Background to Stage 2C Equation 30 


The network impedance at the PCC will vary with frequency and hence harmonic order. The 
harmonic impedance, Zh, comprises resistive and reactive components. The magnitude of 
the harmonic impedance is given in Equation 30 and is derived as shown below. 


Zh =  Rh + jX
h
 


|Zh| = √Rh
2 + Xh


2
 


Rh = R1√h 


NOTE: The √h term accounts for skin effect. 


Xh = khX1 


NOTE: Reactance is proportional to frequency and hence harmonic order. The reactance factor, k, accounts for 
possible resonance. 


|Zh| = √(R
1√h)


2
+ (khX1)


2 = √(R
1√h)


2
+ k


2
h


2
X1


2
  


Figures 1 and 2 in this document, below, depict how the harmonic impedance, Zh, (Ω) varies 
with harmonic order using the above equation for LV and 11 kV cases using X1/R1 ratios of 1 
and 8, respectively. 


 


Figure 1 — Harmonic impedance versus harmonic order for LV  
(X1/R1 = 1, SSC PCC = 10 MVA) 
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Figure 2 — Harmonic impedance versus harmonic order for 11 kV  
(X1/R1 = 8, SSC PCC = 60 MVA) 


9.2 Background to Stage 2C Equations 36 and 40 


The following subsections explain the derivations of Equations 36 and 40 for the incremental 
voltage distortion, Vh c, due to harmonic current Ih. 


9.2.1 Three-phase connection 


We derive the incremental increase in harmonic voltage distortion due to the proposed 
disturbing plant or equipment (Vh c) as a percentage of the phase–phase voltage (Vs) for a 
three-phase connection at the PCC as follows. 


SSC 3ph = 
Vs


2


Z1


 = 
Vs


2


√R1
2 + X1


2


 = 
Vs


2


R1
√1+ (


X1


R1
)


2


 


R1 = 
Vs


2


SSC 3ph
√1+ (


X1


R1
)


2


 


Zh = √(R1√h)
2
+ k2


h
2
X1


2 = R1
√h+ k


2
h


2 (
X1


R1


)
2


 = 
Vs


2


SSC 3ph
√1+ (


X1


R1
)


2


√h+ k
2
h


2 (
X1


R1


)
2
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I1 = 
Iequ


√1+THDI
2


 


Ih = 
Ih %  I1
100


 = 
Ih %  Iequ


100√1+ THDI
2


 


Vh c = 
100ZhIh


Vphase


 


Vh c = 
100√3ZhIh


Vs


 


Vh c = 


100√3 
Vs


2


SSC 3ph
√1+ (


X1


R1
)


2


√h + k
2
h


2 (
X1


R1
)


2


 
Ih % I


equ


100√1+ THDI
2


Vs


 


  Vh c = 
Sequ 3phIh %√h + k2h2 (


X1


R1


)
2


SSC 3ph√1 + THDI
2√1 + (


X1


R1


)
2
 


9.2.2 Single-phase connection 


We derive the incremental increase in harmonic voltage distortion due to the proposed 
disturbing plant or equipment (Vh c) as a percentage of the phase–neutral voltage (Vphase) for 
a single-phase connection at the PCC as follows. 


SSC 1ph = 
Vphase


2


Z1


 = 
Vphase


2


√R1
2 + X1


2


 = 
Vphase


2


R1
√1 + (


X1


R1
)


2


 


R1 = 
Vphase


2


SSC 1ph
√1+ (


X1


R1
)


2


 


Zh = √(R1√h)
2
+ k2


h
2
X1


2 = R1
√h+ k


2
h


2 (
X1


R1


)


2


 = 
Vphase


2


SSC 1ph
√1+ (


X1


R1
)


2


√h+ k
2
h


2 (
X1


R1


)


2
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I1 = 
Iequ


√1+THDI
2


 


Ih = 
Ih %  I1
100


 = 
Ih %  Iequ


100√1+ THDI
2


 


Vh c = 
100√3ZhIh


Vs


 


 


Vh c = 
100ZhIh


Vphase


 


Vh c = 


100√3 
Vphase


2


SSC 1ph
√1+ (


X1


R1
)


2


√h + k
2
h


2 (
X1


R1
)


2


 
Ih % I


equ


100√1+ THDI
2


Vphase


 


  Vh c = 
Sequ 1phIh %√h + k2h2 (


X1


R1


)
2


SSC 1ph√1 + THDI
2√1 + (


X1


R1


)
2
 


  







ENA Engineering Recommendation G5 Issue 5, 2018  
Background to Stage 1 and Stage 2 


Page 29 
 


 


10 Background to Table 14 and Table 15 


10.1 Background to Table 14 


Assumptions: 


• The PCC is LV. 


• The short-duration burst factor, ksde, is given by Equation 5 of EREC G5 Issue 5, where it 
is defined as equal to 1.3 + 0.7/45 × (h – 5). 


• The network harmonic impedance, Zh, envelope is derived using an impedance factor, k, 
equal to 1 for harmonic order h ≤ 7 and 0.5 for h > 7: 


 Zh = √(R1√h)
2
+ k


2
h


2
X1


2
 


X1/R1 ratio set is at 1. 


• Harmonic current emission levels are set at typical values for soft-starter technology – 
see Annex C of this document. 


• Permissible voltage distortion emission is set at ksde minus 0.75 times the LV planning 
level; this equates to the difference between the short-duration planning level and an 
assumed background of 75% of the planning level. It is assumed that short-duration 
harmonics will not coincide with those from other customers. 


• Summation of harmonic voltages for multiple items of equipment is done using a 
summation exponent, α, of unity: 


Vh = √∑Vhi
α


i
 


α


 = ∑Vhi
i


 


• The aggregate permitted equipment rated power (VA), ∑Sequ permitted, is calculated as 
follows: 


∑Sequ permitted  = 


 (ksde  −  0.75) V
h PL


 SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


Calculation of ∑Sequ permitted for the reference LV short-circuit power of 10 MVA has been 
performed for each harmonic order; the limiting harmonic for soft-starter technology has been 
found to be the 5th harmonic. The Table 14 value is based on the following calculation: 


 


∑Sequ permitted  = 


 (ksde − 0.75)V
h PL


 SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2
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∑Sequ permitted  = 


 (1.3 + 0.7/45 × (h – 5) − 0.75)Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 
 (1.3 + 0.7/45 × (5 – 5) − 0.75)×4%×10 MVA√1 + 0.1961


2√1+ (1)2


18.43% √5+ 1
2
5


2
1


2
  


 


∑Sequ permitted  = 314 kVA 


10.2 Background to Table 15 


Assumptions: 


• The PCC voltage is greater than 0.4 kV and less than or equal to 25 kV. 


• The short-duration burst factor, ksde, is given by Equation 5 of EREC G5 Issue 5, where it 
is defined as equal to 1.3 + 0.7/45 × (h – 5). 


• The network harmonic impedance, Zh, envelope is derived using an impedance factor, k, 
equal to 2 for harmonic order h ≤ 8 and 1 for h > 8: 


 Zh = √(R1√h)
2
+ k


2
h


2
X1


2
 


X1/R1 ratio set is at 8. 


• Harmonic current emission levels are set at typical values for soft-starter technology – 
see Annex C of this document. 


• Permissible voltage distortion emission is set at ksde – 0.75 times the LV planning level; 
this equates to the difference between the short-duration planning level and an assumed 
background of 75% of the planning level. It is assumed that short-duration harmonics will 
not coincide with those from other customers. 


• Summation of harmonic voltages for multiple items of equipment is done using a 
summation exponent, α, of unity: 


Vh = √∑Vhi
α


i
 


α


 = ∑Vhi
i


 


• The aggregate permitted equipment rated power (VA), ∑Sequ permitted, is calculated as 
follows: 


∑Sequ permitted  = 


 (ksde  −  0.75) V
h PL


 SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2
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Calculation of ∑Sequ permitted for the reference short-circuit power of 60 MVA, for PCC voltage 
greater than 0.4 kV and less than or equal to 25 kV, has been performed for each harmonic 
order; the limiting harmonic for soft-starter technology has been found to be the 5th 
harmonic. The Table 15 value is based on the following calculation: 


 


∑Sequ permitted  = 


 (ksde − 0.75)V
h PL


 SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 


 (1.3 + 0.7/45 × (h – 5) − 0.75)Vh PL SSC PCC
√1+ THDI


2√1+ (
X1


R1
)


2


Ih % √h+ k
2
h


2 (
X1


R1
)


2


 


 


∑Sequ permitted  = 
 (1.3 + 0.7/45 × (5 – 5) − 0.75)×3%×60 MVA√1 + 0.1961


2√1+ (8)2


18.43% √5+ 2
2
5


2
8


2
  


 


∑Sequ permitted  = 552 kVA 
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Annex A  
(informative) 


 
Derivation of modified global harmonic voltage contribution, GhLVM 


The global harmonic voltage contribution, GhLV, after consideration of transfer from upstream, 
is given by: 


GhLV = √PLhLV 
α – (T∙PLh11 kV)


α
α


 


where the harmonic transfer coefficient, T, from 11 kV to LV is assumed to be unity. 


Table A1 shows the global harmonic voltage contribution, GhLV, together with the modified 
global harmonic voltage contribution, GhLVM, which has been increased in order to, where 
possible, take account of factors that may allow for a higher contribution (e.g. for triplens 
trapped by a delta winding or where 11 kV levels are unlikely to reach planning levels). 


Table A1 — Three-phase derivation of allocated GhLV 


h PLLV 


 
 


% 


PL11 kV 


 
 


% 


GhLV 


 
 


V 


GhLV  
 
 


% PLLV 


Allocated 
GhLV  


 
% PLLV 


Reason Modified 
GhLV 


(GhLVM) 


3 4 3 1.000 25.00 100.00 Delta winding 4.00 


5 4 3 1.818 45.45 45.45 
 


1.82 


7 4 3 1.818 45.45 45.45 
 


1.82 


9 1.2 1.2 0.000 0.00 100.00 Delta winding 1.20 


11 3 2 2.236 74.54 74.54 
 


2.24 


13 2.5 2 1.500 60.00 60.00 
 


1.50 


15 0.3 0.3 0.000 0.00 100.00 Delta winding 0.30 


17 1.6 1.6 0.000 0.00 25.00 
Assumes we can 
have LV at 1.66% 


0.40 


19 1.2 1.2 0.000 0.00 25.00 
Assumes we can 
have LV at 1.24% 


0.30 


21 0.2 0.2 0.000 0.00 100.00 Delta winding 0.20 


23 1.2 1.2 0.000 0.00 25.00 
Assumes we can 
have LV at 1.24% 


0.30 


25 0.7 0.7 0.000 0.00 25.00 
Assumes we can 
have LV at 0.723% 


0.18 


27 0.2 0.2 0.000 0.00 100.00 Delta winding 0.20 


29 0.6810345 0.6310345 0.256 37.61 37.61 
 


0.26 


31 0.6532258 0.6032258 0.251 38.37 38.37 
 


0.25 


33 0.2 0.2 0.000 0.00 100.00 Delta winding 0.20 


35 0.6071429 0.5571429 0.241 39.74 39.74 
 


0.24 


37 0.5878378 0.5378378 0.237 40.36 40.36 
 


0.24 
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39 0.2 0.2 0.000 0.00 100.00 Delta winding 0.20 


2 1.5 1.5 0.000 96.67 96.67 
Assumes Vh c from 
upstream of 0.05% 


1.45 


4 1 1 0.000 95.00 95.00 
Assumes Vh c from 
upstream of 0.05% 


0.95 


6 0.5 0.5 0.000 97.14 97.14 
Assumes Vh c from 
upstream of 0.05% 


0.49 


8 0.4 0.4 0.000 96.08 96.08 
Assumes Vh c from 
upstream of 0.05% 


0.38 


10 0.4 0.4 0.000 96.08 96.08 
Assumes Vh c from 
upstream of 0.05% 


0.38 


12 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


14 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


16 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


18 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


20 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


22 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


24 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


26 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


28 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


30 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


32 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


34 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


36 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


38 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 


40 0.2 0.2 0.000 96.82 96.82 
Assumes Vh c from 
upstream of 0.05% 


0.19 
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Annex B  
(informative) 


 
Reference impedances 


Table B1 — LV network reference impedances, Zref, based on IEC TR 60725 values 


Connection phases Reference source impedance, Zref 


< 100 A service capacity ≥ 100 A service capacity 


1 0.4 + j0.25 Ω 0.25 + j0.25 Ω 


3 0.24 + j0.15 Ω 0.15 + j0.15 Ω 
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Annex C  
(informative) 


 
Current emission assumptions 


C.1 Three-phase equipment 


 


Figure C1 — Chart of current emission assumptions for three-phase equipment types 


Table C1 — Harmonic current emission assumptions for three-phase equipment types 


Harmonic 
order 


(h) 


Active-front-end  
(Ih/I1)  
pu 


Six-pulse  
(Ih/I1) 
pu 


Twelve-pulse  
(Ih/I1) 
pu 


2 0.004 0.000 0.000 


3 0.005 0.000 0.000 


4 0.002 0.000 0.000 


5 0.034 0.314 0.004 


6 0.002 0.000 0.000 


7 0.015 0.109 0.002 


8 0.001 0.000 0.000 


9 0.001 0.000 0.000 


10 0.001 0.000 0.000 


11 0.004 0.070 0.048 


12 0.001 0.000 0.000 


13 0.004 0.039 0.032 


14 0.000 0.000 0.000 


15 0.001 0.000 0.000 


16 0.000 0.000 0.000 


0.00


0.05


0.10


0.15


0.20


0.25


0.30


0.35


2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50


H
a
rm


o
n


ic
 c


u
rr


e
n


t 
e
m


is
s
io


n
, 
I h


/ 
I 1


(p
u


)


Harmonic order (h)


Active-front-end converter


Six-pulse converter


Twelve-pulse converter







ENA Engineering Recommendation G5 Issue 5, 2018  
Background to Stage 1 and Stage 2 
Page 36 
 


 


17 0.001 0.027 0.001 


18 0.000 0.000 0.000 


19 0.002 0.019 0.000 


20 0.000 0.000 0.000 


21 0.001 0.000 0.000 


22 0.001 0.000 0.000 


23 0.002 0.010 0.010 


24 0.000 0.000 0.000 


25 0.002 0.010 0.008 


26 0.001 0.000 0.000 


27 0.001 0.000 0.000 


28 0.001 0.000 0.000 


29 0.001 0.006 0.000 


30 0.000 0.000 0.000 


31 0.001 0.007 0.000 


32 0.000 0.000 0.000 


33 0.000 0.000 0.000 


34 0.000 0.000 0.000 


35 0.001 0.006 0.004 


36 0.000 0.000 0.000 


37 0.001 0.005 0.004 


38 0.000 0.000 0.000 


39 0.000 0.000 0.000 


40 0.000 0.000 0.000 


41 0.000 0.004 0.000 


42 0.000 0.000 0.000 


43 0.000 0.004 0.000 


44 0.000 0.000 0.000 


45 0.000 0.000 0.000 


46 0.000 0.000 0.000 


47 0.000 0.003 0.002 


48 0.000 0.000 0.000 


49 0.000 0.002 0.000 


50 0.000 0.000 0.000 


    
THDI 0.0381 0.3441 0.0596 
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C.2 Single-phase equipment 


 


Figure C2 — Chart of current emission assumptions for a single-phase rectifier 
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Table C2 — Harmonic current emission assumptions for a single-phase rectifier  


Harmonic 
order 


(h) 


Rectifier (2 mF capacitor)  
Ih/I1 
pu 


Harmonic 
order 


(h) 


Rectifier (2 mF capacitor)  
Ih/I1 
pu 


2 — 20 — 


3 0.7578 21 0.0124 


4 — 22 — 


5 0.4097 23 0.009 


6 — 24 — 


7 0.1329 25 0.0089 


8 — 26 — 


9 0.0622 27 0.0066 


10 — 28 — 


11 0.0526 29 0.0063 


12 — 30 — 


13 0.0265 31 0.0054 


14 — 32 — 


15 0.0261 33 0.0046 


16 — 34 — 


17 0.0172 35 0.0044 


18 — 36–50 — 


19 0.0144   


20 — THDI 0.8769 
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C.3 Soft-starters 


 


Figure C3 — Chart of current emission assumptions for a soft-starter 
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Table C3 — Harmonic current emission assumptions for a soft-starter 


Harmonic 
order 


(h) 


Soft-starter  
Ih/I1 
pu 


Harmonic 
order 


(h) 


Soft-starter 
Ih/I1 
pu 


2 0.011652 27 0.001004 


3 0.009489 28 0.001344 


4 0.008451 29 0.005735 


5 0.184253 30 0.001216 


6 0.014341 31 0.003028 


7 0.061543 32 0.000448 


8 0.005412 33 0.00073 


9 0.004961 34 0.000384 


10 0.004622 35 0.002831 


11 0.017488 36 0.001024 


12 0.005085 37 0.002962 


13 0.013174 38 0.000832 


14 0.003775 39 0.000821 


15 0.004314 40 0.00096 


16 0.002241 41 0.003028 


17 0.015747 42 0.000768 


18 0.002305 43 0.001418 


19 0.009021 44 0.000575 


20 0.00096 45 0.000547 


21 0.000912 46 0.000448 


22 0.000512 47 0.002059 


23 0.004545 48 0.000832 


24 0.001152 49 0.001802 


25 0.005405 50 0.000704 


26 0.001152 THDI 0.1961 
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EREC G5 Issue 5 v10 Stage 1&2 Data Collection Form.pdf


DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
Section 1 – Customer details  
This is a correspondence address; enter site address in Section 2 


Title: First name: Last name: 


Company (if applicable): Company registered number (if applicable): 


Property name/number: 


Street: Town: 


City: Postcode:  


Daytime telephone: Mobile: 


Email address: Fax number: 


 


Section 2 – Site details  
Site details for the location of the connection(s) 


Site name/number/plot number(s): 
Street: Town: 
City: Postcode: 
Adjacent property address (if this will help us to locate your site): 


 


 


Section 3 – Representative details  
Nominate a representative – contractor, supplier or agent – to act on your behalf (if applicable) 


Title: First name: Last name: 


Company (if applicable): Company registered number (if applicable): 


Property name/number: 


Street: Town: 


City: Postcode:  


Daytime telephone: Mobile: 


Email address: Fax number: 


 


Section 4 – Type of connection(s) required 
 


      New connection        Additional or amended load (proceed to Section 4.2) 


Section 4.1 – New connection further details 


      Domestic premises           Commercial premises       Industrial premises 


4.1.1 Number of connections required: 


Section 4.2 – Power requirement  


If you have more than five connections please provide more details in Section 10 


4.2.1 Connection 1 Existing maximum demand (kVA): Required maximum demand/import capacity (kVA): 


4.2.2 Connection 2 Existing maximum demand (kVA): Required maximum demand/import capacity (kVA): 


4.2.3 Connection 3 Existing maximum demand (kVA): Required maximum demand/import capacity (kVA): 


4.2.4 Connection 4 Existing maximum demand (kVA): Required maximum demand/import capacity (kVA): 


4.2.5 Connection 5 Existing maximum demand (kVA): Required maximum demand/import capacity (kVA): 


 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 5 – Existing connection information 
If your site has existing connections please provide the 13-digit MPAN (meter point administration number) of each one 
If you have more than five connections please provide more details in Section 10 


5.1 Connection 1 
             


5.2 Connection 2 
             


5.3 Connection 3 
             


5.4 Connection 4 
             


5.5 Connection 5 
             


 


Section 6 – Generation 
If the option below applies then please complete Section 6.1 


      Generation 


Section 6.1 – Generation capacity requirement  
If you have more than five connections please provide more details in Section 10 


6.1.1 Connection 1 Proposed export capacity (kVA): Total generation capacity (kVA):1 


6.1.2 Connection 2 Proposed export capacity (kVA): Total generation capacity (kVA): 


6.1.3 Connection 3 Proposed export capacity (kVA): Total generation capacity (kVA): 


6.1.4 Connection 4 Proposed export capacity (kVA): Total generation capacity (kVA): 


6.1.5 Connection 5 Proposed export capacity (kVA): Total generation capacity (kVA): 


 


                                                           
1 Aggregate kVA rating of all the electrical energy sources including storage.  


 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7 – Non-linear (harmonic) electrical load details 
If any of the options below apply then please complete Section 7.1 


       Convertor(s)2        AC Regulator(s)        Heat Pump(s)        Electric Vehicle Charge Point(s) 


     Other (please specify) 


Section 7.1 – Further Details – Summary 
 
7.1.1 Convertors (including Electric Vehicle Charge Points with DC output) 
7.1.1.1 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.1.2 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.1.3 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.1.4 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.1.5 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.2 AC Regulators3 
7.1.2.1 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.2.2 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.3 Heat Pumps 
7.1.3.1 Whole system Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.3.1.1 Compressor 1 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.3.1.2 Compressor 2 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.3.1.3 Boost Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.3.1.4 Back-up Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.3.2 Whole system Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.3.2.1 Compressor 1 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.3.2.2 Compressor 2 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.3.2.3 Boost Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.3.2.4 Back-up Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


7.1.4 Electric Vehicle Charge Points with AC output only (i.e. no DC output) 
7.1.4.1 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.4.2 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.4.3 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.4.4 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 
7.1.4.5 Rating (kVA): Phases (1/2/3): Voltage (V): Make: Model: 


Also complete Section 7.1A, 7.1B, 7.1C or 7.2A, as appropriate 
 


 


                                                           
2 Rectifier, AC–DC and AC–AC equipment. For example, uninterruptible power supplies, electric vehicle chargers with 


DC output, motor variable speed drives, active front-end (AFE)/infeed convertors with line filter to IEC TS 62578, 


DC welders and high-frequency induction furnaces. 


3 For example, thyristor heating/lighting control. 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.1A – Compliance statement4 – LV equipment rated ≤ 16 A 
…continued from Section 7.1 


7.1A.1 Convertors (including Electric Vehicle Charge Points with DC output) 
Item 7.1.1.1 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.1.2 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.1.3 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.1.4 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.1.5 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
7.1A.2 AC Regulators 
Item 7.1.2.1 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.2.2 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
7.1A.3 Heat Pumps 
Item 7.1.3.1 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.1.1 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.1.2 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.1.3 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.1.4 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.2 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.2.1 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.2.2 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.2.3 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.3.2.4 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
7.1A.4 Electric Vehicle Charge Points with AC output only (i.e. no DC output) 
Item 7.1.4.1 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.4.2 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.4.3 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.4.4 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
Item 7.1.4.5 from 7.1    IEC 61000-3-2 compliant     Confirm EC Declaration of Conformity attached    IEC 61000-3-2 non-compliant – complete Section 7.1C 
 


                                                           
4 Refer to equipment manufacturer. 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.1B – Compliance statement5 – LV equipment rated > 16 A and ≤ 75 A 
…continued from section 7.1 


7.1B.1 Convertors (including Electric Vehicle Charge Points with DC output) 


Item 7.1.1.1 from 7.1    IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.1.2 from 7.1    IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.1.3 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.1.4 from 7.1    IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.1.5 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


7.1B.2 AC Regulators 


Item 7.1.2.1 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.2.2 from 7.1    IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


7.1B.3 Heat Pumps 


Item 7.1.3.1 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.1.1 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.1.2 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.1.3 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.1.4 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.2 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.2.1 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.2.2 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.2.3 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.3.2.4 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


7.1B.4 Electric Vehicle Charge Points with AC output only (i.e. no DC output) 


Item 7.1.4.1 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.4.2 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.4.3 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.4.4 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Item 7.1.4.5 from 7.1 
   IEC 61000-3-12 
compliant 


    IEC 61000-3-12 compliant 
subject to SSC Min (kVA): 


    Confirm EC Declaration of 
Conformity attached 


    IEC 61000-3-12 non-compliant – complete 
Section 7.1C 


Also complete Section 7.1B.5 or attach EMC Test Report for each item 
 


 


                                                           
5 Refer to equipment manufacturer. 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.1B.5 – Harmonic current emissions from EMC Test Report6 
Complete a separate sheet for each item listed in 7.1B with an IEC 61000-3-12 compliance statement 


Item:                  from 7.1B Rating (kVA): Rating (A): Phases (1/2/3): Rated Voltage (V): Make: Model: 


Test/simulation results to IEC 61000-3-12 


Voltage (V): Current (A): Power (W): Power factor: Reference current, Iref (A): 


 


Minimum short-circuit ratio, RSCE:  Minimum short-circuit power, SSC Min (kVA):7 


 


 Harmonic current emission 


 L1 L2 L3 


THDI (% h = 1)    


THC/Iref (%)8    


PWHC/Iref (%)8    


 Harmonic current emission (A) 


 L1 L2 L3 


Harmonic order, h    


1    


2    


3    


4    


5    


6    


7    


8    


9    


10    


11    


12    


13    


14    


15    


16    


17    


18    


19    


20    


21    


22    


23    


24    


25    


26    


27    


28    


29    


30    


31    


32    


33    


34    


35    


36    


37    


38    


39    


40    


                                                           
6 Refer to equipment manufacturer. 


7 In IEC 61000-3-12, the term SSC is used. 


8 Refer to IEC 61000-3-12 for definition. 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.1C – Equipment technology statement – LV equipment rated > 75 A or rated ≤ 75 A and non-
compliant with IEC 61000-3-2 and IEC 61000-3-12 
…continued from Section 7.1 


7.1C.1 Convertors (including Electric Vehicle Charge Points with DC output) 


Item 7.1.1.1 from 7.1        Six-pulse        Twelve-pulse        Active-front-end convertor        Single-phase rectifier 


Item 7.1.1.2 from 7.1        Six-pulse        Twelve-pulse        Active-front-end convertor        Single-phase rectifier 


Item 7.1.1.3 from 7.1        Six-pulse        Twelve-pulse        Active-front-end convertor        Single-phase rectifier 


Item 7.1.1.4 from 7.1        Six-pulse        Twelve-pulse        Active-front-end convertor        Single-phase rectifier 


Item 7.1.1.5 from 7.1        Six-pulse        Twelve-pulse        Active-front-end convertor        Single-phase rectifier 


Also complete Section 7.2C.1 for each item to permit an EREC Stage 2C assessment 


 


Section 7.2A – Equipment technology statement – HV point of common coupling 
…continued from Section 7.1 
Complete this section if it is known that the connection with have a high voltage (HV) connection or a low voltage (LV) connection 
with an HV point of common coupling9 


7.2A.1 Convertors (including Electric Vehicle Charge Points with DC output)  


Item 7.1.1.1 from 7.1        Six-pulse        Twelve-pulse        Active front-end convertor 


Item 7.1.1.2 from 7.1        Six-pulse        Twelve-pulse        Active front-end convertor 


Item 7.1.1.3 from 7.1        Six-pulse        Twelve-pulse        Active front-end convertor 


Item 7.1.1.4 from 7.1        Six-pulse        Twelve-pulse        Active front-end convertor 


Item 7.1.1.5 from 7.1        Six-pulse        Twelve-pulse        Active front-end convertor 


Also complete section 7.2C.2 for each item to permit an EREC Stage 2C assessment 


                                                           
9 Point of common coupling (PCC) is the point in the public supply system, electrically nearest to a Customer’s 


installation, at which other Customers’ loads are, or may be, connected.  







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.2C.1 – Harmonic current emissions 
Complete a separate sheet for each item listed in 7.1C 
If interharmonic emissions are present then also complete 7.2.C.1.1 


Item:                    from 
7.1 


Rating (kVA): Rating (A): Phases (1/2/3): Voltage (V): Make: Model: 


 


 Harmonic current emission (% h = 1) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


THD           


 Harmonic current emission (A) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


Line 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 


Order                               


1                               


2                               


3                               


4                               


5                               


6                               


7                               


8                               


9                               


10                               


11                               


12                               


13                               


14                               


15                               


16                               


17                               


18                               


19                               


20                               


21                               


22                               


23                               


24                               


25                               


26                               


27                               


28                               


29                               


30                               


31                               


32                               


33                               


34                               


35                               


36                               


37                               


38                               


39                               


40                               


41                               


42                               


43                               


44                               


45                               


46                               


47                               


48                               


49                               


50                               


51                               


52                               


53                               


54                               


55                               







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
56                               


57                               


58                               


59                               


60                               


61                               


62                               


63                               


64                               


65                               


66                               


67                               


68                               


69                               


70                               


71                               


72                               


73                               


74                               


75                               


76                               


77                               


78                               


79                               


80                               


81                               


82                               


83                               


84                               


85                               


86                               


87                               


88                               


89                               


90                               


91                               


92                               


93                               


94                               


95                               


96                               


97                               


98                               


99                               


100                               


 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.2C.1.1 – Interharmonic current emissions 
Complete a separate sheet for each item listed in 7.1C 


Item:                    from 7.1 Rating (kVA): Rating (A): Phases (1/2/3): Voltage (V): Make: Model: 
 


 Interharmonic current emission (A) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


Line 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 


Interharmonic 
component 
frequency 
(Hz) 


                              


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


 Interharmonic group current emission (A) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


Line 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 


Interharmonic 
group 
frequency 
(Hz) 


                              


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.2C.2 – Aggregate harmonic current emissions at HV  
Complete a separate sheet for each item listed in 7.2C 
If interharmonic emissions are present then also complete 7.2.C.2.1 


Item:                    from 
7.1 


Rating (kVA): Rating (A): Phases (1/2/3): Voltage (V): Make: Model: 


 


 Harmonic current emission (%) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


THD           


 Harmonic current emission (A) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


Line 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 


Order                               


1                               


2                               


3                               


4                               


5                               


6                               


7                               


8                               


9                               


10                               


11                               


12                               


13                               


14                               


15                               


16                               


17                               


18                               


19                               


20                               


21                               


22                               


23                               


24                               


25                               


26                               


27                               


28                               


29                               


30                               


31                               


32                               


33                               


34                               


35                               


36                               


37                               


38                               


39                               


40                               


41                               


42                               


43                               


44                               


45                               


46                               


47                               


48                               


49                               


50                               


51                               


52                               


53                               


54                               


55                               







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
56                               


57                               


58                               


59                               


60                               


61                               


62                               


63                               


64                               


65                               


66                               


67                               


68                               


69                               


70                               


71                               


72                               


73                               


74                               


75                               


76                               


77                               


78                               


79                               


80                               


81                               


82                               


83                               


84                               


85                               


86                               


87                               


88                               


89                               


90                               


91                               


92                               


93                               


94                               


95                               


96                               


97                               


98                               


99                               


100                               


 







DATA COLLECTION FORM 


Proposed Connection: Non-linear (Harmonic/Interharmonic)/Resonant Plant & Equipment 


 
 


Section 7.2C.2.2 – Aggregate interharmonic current emissions at HV  
Complete a separate sheet for each item listed in 7.2C 


Item:                    from 7.1 Rating (kVA): Rating (A): Phases (1/2/3): Voltage (V): Make: Model: 
 


 Interharmonic current emission (A) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


Line 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 


Interharmonic 
component 
frequency 
(Hz) 


                              


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


 Interharmonic group current emission (A) 


Power level 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


Line 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 


Interharmonic 
group 
frequency 
(Hz) 


                              


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


                               


Commented [PH1]: I assume this was supposed to be 10–100%; 
the original was all 10%. 
Please review. 







Data Collection Form: 


Proposed Connection of Non-linear (Harmonic) and Resonant Plant and Equipment 


 
 


Section 8 – Resonant plant details 
If any of the options below apply then please complete Section 8.1 


       Capacitor(s)      Other (please specify) 


Section 8.1 – Further details 
 
8.1.1 Capacitors 
8.1.1.1 Aggregate rating (kVA): 
  


8.1.2 Other10 


8.1.2.1 Shunt capacitance (kVAr): 


8.1.3 Static part of active power demand 


8.1.3.1 Ps (kW): 


 


Section 9 – Declaration 
 
     
     I confirm I have completed all sections that are relevant to my connection.  
 
Note: to prevent your proposed connection from being delayed, please ensure you have provided all the required information. 


 


Print name Signature 


Company Date 


 


                                                           
10 Cable capacitance, if significant. 


Commented [PH2]: Should this be in kVAr? 
Or Kvar? 
Or KVar? 
... 
Forooz? 
 
IEC say kvar, merging the V and A into a single unit, “var”, but it may 
be preferred to include Mr Volta and Mr Ampere in the symbol? 


Commented [PH3]: Should this be kW? 







Data Collection Form: 


Proposed Connection of Non-linear (Harmonic) and Resonant Plant and Equipment 


 
 


Section 10 – Additional information 
Please provide any additional information that may be relevant 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Data Collection Form: 


Proposed Connection of Non-linear (Harmonic) and Resonant Plant and Equipment 
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Introduction  


This document is intended to illustrate to the Network Operator how to identify a converter 
type from published data – such as EMC Test Report data – for an assessment against 
Stages 1C, 1D, 2A or 2B of EREC G5 Issue 5. 


1 Characteristic harmonic current distortion 


Table 1 in this document (below) gives typical total harmonic current distortion (THDI) values 
for the three common three-phase converter types. The dominant and characteristic 
harmonic currents are also stated. 


Table 1 — Harmonic current distortion characteristics for three converter types 


Converter type Typical 
THDI  


Characteristic harmonic 
currents 


Dominant harmonic orders 


Three-phase 
six-pulse 
converter 


~30% 5th and 7th, 11th and 13th, 17th 
and 19th…  


(6k±1), where k equates to the 
number of pulses of the 
converter. 


5th then 7th  


Three-phase 
active-front-end 
converter 


~3–4% 5th and 7th, 11th and 13th, plus 
components related to pulse-
width modulation switching 
frequency  


Varies; highest value may be lower 
order odd harmonics but higher 
orders may also be 
significant/comparable 


 


Three-phase 
twelve-pulse 
converter 


~6–18%
1
 11th and 13th, 23rd and 25th, 


35th and 37th... 


(12k±1), where k equates to the 
number of pulses of the 
converter. 


11th then 13th  


 


2 Using EMC Test Report data to find converter type 


An extract from an EMC Test Report for one phase of an item of three-phase equipment is 
shown in Figure 1 in this document (below). The THDI value for maximum RMS current is 
given as 30.99% (see ‘a’ in Figure 1) and the highest harmonic orders are, from column 2, 
the 5th and 7th harmonics (see ‘b’ in Figure 1).  Consequently, with reference to Table 1 in 
this document, we conclude that this is a six-pulse converter. 


————————— 
1  Varies with operating condition. 
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Figure 1 — Annotated EMC Test Report 


 


a 


b 






image5.emf
EREC G5 Issue 5 v10  Stage 1&2 Interpretation of EMC Test Report.pdf


EREC G5 Issue 5 v10 Stage 1&2 Interpretation of EMC Test Report.pdf


PRODUCED BY THE OPERATIONS DIRECTORATE OF ENERGY NETWORKS ASSOCIATION 


www.energynetworks.org 


 


Engineering Recommendation G5 


Issue 5 2018 


Interpretation of EMC Test Report 







PUBLISHING AND COPYRIGHT INFORMATION 


 


 


First published, August 2018 


 


Amendments since publication 


 


Issue Date Amendment 


Issue 
1 


August, 2018 Initial publication 


 


Details of all other technical, general and editorial amendments are 
included in the associated Document Amendment Summary for this Issue 
(available on request from the Operations Directorate of ENA) 


 
 


© 2018 Energy Networks Association 


All rights reserved. No part of this publication may be reproduced, stored in a retrieval 
system or transmitted in any form or by any means, electronic, mechanical, photocopying, 
recording or otherwise, without the prior written consent of Energy Networks Association. 
Specific enquiries concerning this document should be addressed to: 


Operations Directorate 
Energy Networks Association 
6th Floor, Dean Bradley House 


52 Horseferry Rd 
London 


SW1P 2AF 


This document has been prepared for use by members of the Energy Networks 
Association to take account of the conditions which apply to them. Advice should be taken 
from an appropriately qualified engineer on the suitability of this document for any other 
purpose. 







ENA Engineering Recommendation G5 Issue 5, 2018  
Interpretation of EMC Test Report 


Page 3 
 


 


Contents 


Introduction ............................................................................................................................ 5 


1 Interpretation of the EMC Test Report .............................................................................. 5 


 


Figures 


Figure 1 — Annotated EMC Test Report ................................................................................ 6 


 


Tables 


Table 1 — Current emission limits for equipment other than balanced three-phase 
equipment; Taken from IEC 61000-3-12 ....................................................... 7 











ENA Engineering Recommendation G5 Issue 5, 2018  
Interpretation of EMC Test Report 


Page 5 
 


 


Introduction  


This document provides an annotated interpretation of the EMC Test Report to aid the 
Network Operator in identifying the required information for an assessment against Stage 1B 
using data supplied by the manufacturer in an IEC 61000-3-12 compliance test report. 


1 Interpretation of the EMC Test Report 


Figure 1 in this document is an extract from an EMC Test Report, testing against 
IEC 61000‑3-12 for a three-phase item of plant or equipment. 


The following can be identified from the data presented: 


• Label a) identifies the maximum RMS current drawn for this set of test data, which was 
found to be 74.693 A. 


• Label b) identifies the total harmonic current distortion, THDI, at maximum RMS current to 
be 30.99%; this is consistent with a six-pulse converter.1 


• Label c) shows that the highest harmonic current emissions are at the 5th and 7th 
harmonics; this is consistent with a six-pulse converter.2 


• Label d) highlights that Iref has been set equal to Iequ at 68 A. It also shows the IEC 
61000-3-12 limits, which have been taken from Table 2 of IEC 61000-3-12:2011 for 
Rsce ≥ 350 – see Table 1 of this document – and are given as a percentage of Iref. 


In Figure 1, the column 4 values have been calculated with Iref = 68 A.  


For example, for I5, the limit Ih / Iref (in %) for Rsce ≥ 350 is 24%; which, in Amperes, equals 
Iref × 24/100 = 68 A × 0.24 = 16.32 A. 


• Label e) shows that the equipment passes the assessment with Rsce = 350. As it does not 
pass with Rsce = 33, with the required Rsce to pass IEC 61000-3-12 being 350, then the 
manufacturer would have to make the statement “equipment complying with IEC 61000-
3-12 subject to SSC Min ≥ X kVA” rather than “equipment complying with IEC 61000-3-12” 
and so, Stage 1B-2 will apply. As the equipment is unbalanced three-phase equipment, 
IEC 61000-3-12 gives: 


Sequ = √3 × 400 V × Iequ = √3 × 400 V × 68 A = 47,111.782 VA.   


Thus, SSC Min = Sequ × Rsce = 47,111.782 VA × 350 = 16.489 MVA.  
This result shows that a very high short-circuit power is required at the LV PCC to 
connect this piece of equipment. 


NOTE 1: Rsce is defined in IEC 610003-12 as the ratio of short-circuit power to equipment rating.  


NOTE 2: To fully understand the use of Rsce, its relationship to the required statements that a manufacturer 
should make and the associated implications, it may help to consult IEC 61000-3-12 directly. 


 


————————— 


1
  A value of ~30% is typical for a six-pulse converter. For a twelve-pulse converter, a value of ~6–18% is typical; 


for active front-end converter a value of ~3–4% is typical. 


2
  For a twelve-pulse converter the 11th and 13th harmonics would be highest. 
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Figure 1 — Annotated EMC Test Report 
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Table 1 — Current emission limits for equipment other than balanced three-phase 
equipment; Taken from IEC 61000-3-12 


Minimum Rsce Admissible individual harmonic current  
Ih / Iref a  


% 


Admissible harmonic 
parameters  


% 


 I3 I5 I7 I9 I11 I13 THC / Iref PWHC / Iref 


33 21.6 10.7 7.2 3.8 3.1 2 23 23 


66 24 13 8 5 4 3 26 26 


120 27 15 10 6 5 4 30 30 


250 35 20 13 9 8 6 40 40 


≥ 350 41 24 15 12 10 8 47 47 


The relative values of even harmonics up to 12 shall not exceed 16 / h %. Even harmonics 
above order 12 are taken into account in THC and PWHC in the same way as odd-order 
harmonics.  


Linear interpolation between successive Rsce values is permitted.  


NOTE: THC and PWHC are as defined in IEC 61000-3-12. 


a Iref = reference current; Ih = harmonic current component. 
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1 BACKGROUND TO TABLES 14 AND 15 


 


1.1 Background to Table 14 


Assumptions: 


 The PCC is LV. 


 kburst is given by Equation 5. 


 Network harmonic impedance, Zh, envelope derived from impedance factor k equal to 1 for 


harmonic h≤7 and 0.5 for harmonic h>7: Zh = ����√ℎ�
�
+ ��ℎ���


�
 .  X1/R1 ratio set at 1.0. 


 Harmonic current emission set at typical levels for soft-starter technology - see Appendix A. 


 Permissible voltage distortion emission set at kburst-0.75 times the LV planning level; this 


equates to the difference between the short-duration planning level and an assumed 


background of 75% of the planning level.  It is assumed that short-duration harmonics will 


not coincide with those from other customers. 


 Summation of harmonic voltages for multiple items of equipment is done using �� =


�∑ ���
�


�
�  where summation exponent α equals 1. 


 The aggregate permitted equipment rated power (VA), ∑Sequ permitted, is given by  


�����	��������� =


	(������ − 0.75)����%	���	����1 + ����
��1 + �


��
��
�
�


��%	�ℎ + ��ℎ� �
��
��
�
�


	


 


 


Calculation of ∑Sequ permitted for the reference LV short-circuit power of 10MVA for each 


harmonic order has been performed; the limiting harmonic has been found to be the 5th 


harmonic for soft-starter technology.  The Table 14 value is based on the following 


calculation: 


 


�����	��������� =


	(������ − 0.75)����%	���	����1 + ����
��1 + �


��
��
�
�


��%	�ℎ + ��ℎ� �
��
��
�
�


	


 


�����	���������


=


	 ��1.7 +
0.7
45


(ℎ − 5)� − 0.75� 	����%	���	����1 + ����
��1 + �


��
��
�
�


��%	�ℎ + ��ℎ� �
��
��
�
�


	


 


 







�����	��������� =


��1.7 +
0.7
45


(5 − 5)� − 0.75�4%	10���√1 + 0.1961��1 + (1)�


18.43%	�5 + 1�5�(1)�	
 


 


�����	��������� = 314��� 


 


 


1.2 Background to Table 15 


Assumptions: 


 The PCC is HV. 


 kburst is given by Equation 5. 


 Network harmonic impedance, Zh, envelope derived from impedance factor k equal to 2 for 


harmonic h≤8 and 1.0 for harmonic h>8: Zh = ����√ℎ�
�
+ ��ℎ���


�
 .  X1/R1 ratio set at 8.0 


 Harmonic current emission set at typical levels for soft-starter technology - see Appendix A. 


 Permissible voltage distortion emission set at kburst-0.75 times the LV planning level; this 


equates to the difference between the short-duration planning level and an assumed 


background of 75% of the planning level.  It is assumed that short-duration harmonics will 


not coincide with those from other customers. 


 Summation of harmonic voltages for multiple items of equipment is done using �� =


�∑ ���
�


�
�  where summation exponent α equals 1. 


 The aggregate permitted equipment rated power (VA), ∑Sequ permitted, is given by  


�����	��������� =


	(������ − 0.75)����%	���	����1 + ����
��1 + �


��
��
�
�


��%	�ℎ + ��ℎ� �
��
��
�
�


	


 


Calculation of ∑Sequ permitted for the reference 6.6kV/11kV short-circuit power of 60MVA for 


each harmonic order has been performed; the limiting harmonic has been found to be the 


5th harmonic for soft-starter technology.  The Table 15 value is based on the following 


calculation: 


 


�����	��������� =


	(������ − 0.75)����%	���	����1 + ����
��1 + �


��
��
�
�


��%	�ℎ + ��ℎ� �
��
��
�
�


	


 







�����	���������


=


	 ��1.7 +
0.7
45


(ℎ − 5)� − 0.75� 	����%	���	����1 + ����
��1 + �


��
��
�
�


��%	�ℎ + ��ℎ� �
��
��
�
�


	


 


 


�����	��������� =


��1.7 +
0.7
45


(5 − 5)� − 0.75�3%	60���√1 + 0.1961��1 + (8)�


18.43%	�5 + 2�5�(8)�	
 


 


�����	��������� = 551��� 


  







APPENDIX A 


CURRENT EMISSION ASSUMPTIONS – SOFT-STARTERS 


 


Harmonic h Soft-starter Ih/I1 pu 


2 


0.011652 


3 


0.009489 


4 


0.008451 


5 


0.184253 


6 


0.014341 


7 


0.061543 


8 


0.005412 


9 


0.004961 


10 


0.004622 


11 


0.017488 


12 


0.005085 


13 


0.013174 


14 


0.003775 


15 


0.004314 


16 


0.002241 


17 


0.015747 


18 


0.002305 


19 


0.009021 


20 


0.00096 


0


2


4


6


8


10


12


14


16


18


20


2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50


I h
/I


1%


Harmonic


Soft-starter Ih/I1 %







21 


0.000912 


22 


0.000512 


23 


0.004545 


24 


0.001152 


25 


0.005405 


26 


0.001152 


27 


0.001004 


28 


0.001344 


29 


0.005735 


30 


0.001216 


31 


0.003028 


32 


0.000448 


33 


0.00073 


34 


0.000384 


35 


0.002831 


36 


0.001024 


37 


0.002962 


38 


0.000832 


39 


0.000821 


40 


0.00096 


41 


0.003028 


42 


0.000768 


43 


0.001418 


44 


0.000575 


45 


0.000547 


46 


0.000448 


47 


0.002059 


48 


0.000832 


49 


0.001802 


50 


0.000704 


Soft-starter THDi = 0.1961 pu 
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Introduction  


This document comprises 19 worked examples of connections to the public supply system 
that are subject to harmonic assessment at Stages 1 and 2.  


Each connection example forms one chapter, following this introduction and list of normative 
references, and progresses sequentially through the logic of the flowcharts for the relevant 
Stage(s), as presented in ENA EREC G5 Issue 5. 


1 Normative references 


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


BS EN 61851-21-1, Electric vehicle conductive charging system — Electric vehicle on-board 
charger EMC requirements for conductive connection to an AC/DC supply 


ENA EREC G5 Issue 5, Harmonic voltage distortion and the connection of non-linear and 
resonant plant and equipment to transmission systems and distribution networks in the 
United Kingdom 


IEC 61000-3-12, Electromagnetic compatibility (EMC) — Part 3-12: Limits — Limits for 
harmonic currents produced by equipment connected to public low-voltage systems with 
input current > 16 A and ≤ 75 A per phase 1) 


IEC 61000-3-2, Electromagnetic compatibility (EMC) — Part 3-2: Limits — Limits for 
harmonic current emissions (equipment input current ≤ 16 A per phase) 2) 


UN ECE-R10, United Nations European Commission for Europe (UNECE) — Uniform 
provisions concerning the approval of vehicles with regard to electromagnetic compatibility 


 


2) BS EN 61000-3-12 and EN 61000-3-12 are identical to this reference. 


3) BS EN 61000-3-2 and EN 61000-3-2 are identical to this reference. 
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2 Summary of worked examples 


Table E1 summarises the connection data for the 19 worked examples that are solved in this 
document based on application of EREC G5 to connections made at 22 kV and below. 


Table E1 — Connection data for Worked Examples 1–19 


Ex. Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


1 Heat Pump 3.0 13.04 1 IEC 61000-3-2 
compliant 


LV < 100 A 1A 


2 2 x Heat 
Pump 


1 x  
3.0 


13.04 1 IEC 61000-3-2 
compliant 


LV < 100 A 1A 


1 x  
3.0 


13.04 1 IEC 61000-3-2 
compliant 


3 Heat Pump 9.2 40 1 IEC 61000-3-12 
compliant 


LV < 100 A 1B-1 


4 2 x Heat 
Pump 


10 


 


14.43 3 IEC 61000-3-12 
compliant 


LV ≥ 100 A 1B-1 


34 49.07 3 IEC 61000-3-12 
compliant 


5 EV Charge 
Point 


7.36 32 1 — LV < 100 A 1B-1 


6 EV Rapid DC 
Output 
(Mode 4) 
Charger 


50 72.17 3 IEC 61000-3-12 
compliant 
subject to 
SSC MIN = 
2.0 MVA 


LV ≥ 100 A 1B-2 


EV Charge 
Point 


 


22 32.00 3 IEC 61000-3-12 
compliant 


7 Active Front-
end Motor 
Drive 


70 101.04 3 — LV ≥ 100 A 1C-1 


8 Rectifier 4 17.39 1 — LV < 100 A 1C-1 


9 6-Pulse 
AC/DC Motor 
Drive 


20 28.87 3 — LV ≥ 100 A 1C-2 


Active Front-
end Motor 
Drive 


70 101.04 3 — 


10 Active Front-
end Motor 
Drive 


104 150 3 — LV ≥ 100 A 1D-1 


11 6-Pulse 
AC/DC Motor 


20 28.87 3 — LV ≥ 100 A 1D-2 
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Drive 


Active Front-
end Motor 
Drive 


70 101.04 3 — 


12 6-Pulse 
AC/DC Motor 
Drives 


50 72.17 3 — 11 kV — 2A-1 


30 43.30 3 — 


13 6-Pulse 
AC/DC Motor 
Drive 


2 x  
50 


 


2 x 
72.17 


 


3 — 11 kV — 2A-2 


Active Front-
end Motor 
Drive 


1 x 
200 


1 x 
288.68 


3 — 


14 6-Pulse 
AC/DC Motor 
Drives 


2 x  
50 


2 x 
72.17 


3 — 11 kV — 2B-1 


1 x  
30 


1 x 
43.30 


3 — 


15 6-Pulse 
AC/DC Motor 
Drive 


100 144.34 3 — 11 kV — 2B-2 


Active Front-
end Motor 
Drive 


500 721.69 3 — 


16 6-Pulse 
Motor Drive 


80 115.47 3 Current 
emission data 


available 


LV — 2C 


via 


1D-1 


17 6-Pulse 
AC/DC Motor 
Drives 


1 x 
100 


 


1 x 
144.34 


 


3 Current 
emission data 


available 


6.6 kV — 2C 


5 x  
20 


5 x 
28.87 


3 Current 
emission data 


available 


18 Professional 
Equipment 


12 17.32 3 Current 
emission data 


available 


LV < 100 A 2C 


via 


1C 


19 Kiln 7.4 32.17 1 Current 
emission data 


available 


LV < 100 A 2C 


via 


1C 
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3 Worked Example 1 


Table E2 — Connection data for Worked Example 1 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Final 
stage 


1 Heat Pump 3.0 13.04 1 IEC 61000-3-2 
compliant 


LV 1A 
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3.1 Step 1 


 


Figure E1 — Step 1 for Worked Example 1 


Start


LV PCC?


Stage 1


Connection to 
network


Pass Stage 
1A?


Pass Stage 
1B?


Pass Stage 
1C?


Pass Stage 
1D?


Stage 2C


Y


N


N


N


N


Y


Y


Y


PCC <  33 kV?


Stage 2


Y


Stage 3


NN


Y
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3.2 Step 2 


 


 


Figure E2 — Step 2 for Worked Example 1 


 


The equipment is IEC 61000-3-2 compliant and therefore connection to the network is 
permitted.  


 
 
  


Stage 1A


Connection to 
network


Stage 1B


Equipment 
compliant with 


IEC 61000-3-2?
(see NOTE 1 
and NOTE 2) N


Y
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4 Worked Example 2 


Table E3 — Connection data for Worked Example 2 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic statement PCC 
voltage 


Final 
stage 


2 2 x Heat Pump 1 x  
3.0 


13.04 1 IEC 61000-3-2 
compliant 


LV 1A 


1 x  
3.0 


13.04 1 IEC 61000-3-2 
compliant 
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4.1 Step 1 


 


Figure E3 — Step 1 for Worked Example 2 


  


Start


LV PCC?


Stage 1
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4.2 Step 2 


 


Figure E4 — Step 2 for Worked Example 2 


 


The two items of equipment are each IEC 61000-3-2 compliant and therefore connection to 
the network is permitted.  


  


Stage 1A


Connection to 
network


Stage 1B


Equipment 
compliant with 


IEC 61000-3-2?
(see NOTE 1 
and NOTE 2) N


Y
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5 Worked Example 3 


Table E4 — Connection data for Worked Example 3 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


3 Heat Pump 9.2 40 1 IEC 61000-
3-12 


compliant 


LV < 100 A 1B-1 


 


The following additional data has been supplied for this connection: 


• Whole current metering is used. 


• Single-phase source impedance at the PCC = 0.18 Ω. 
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5.1 Step 1 


 


Figure E5 — Step 1 for Worked Example 3 
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5.2 Step 2 


 


Figure E6 — Step 2 for Worked Example 3 


 
  


Stage 1A


Connection to 
network


Stage 1B


Equipment 
compliant with 
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5.3 Step 3 


 


 


Figure E7 — Steps 3 to 8 for Worked Example 3 
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5.5 Step 5 


No items of equipment carry the statement 2 compliance note: “Equipment complying with 
IEC 61000-3-12 subject to SSC Min ≥ X kVA”, so we progress to Step 6. 


5.6 Step 6 


We need to determine the minimum short-circuit power (MVA) at the PCC (SSC PCC Min). 


Whole current metering has been specified as being used, therefore the service current 
capacity (ISCC) is less than 100 A.1 


From Table 18, for M = 1: 


• FSCE Min = 29.05 and α = 2. 


• Sequ 1 = 9.2 kVA.  


From Equation 8, reproduced below, we can solve for SSC PCC Min. 


 SSC PCC Min = 
FSCE Min √∑ (Sequ m)


αM
m = 1


α


1000
 = 


29.05×√9.2
22


1000
  =  0.267 MVA  


(1) 


5.7 Step 7 


We calculate the single-phase short-circuit power (SSC PCC) from the single-phase source 
impedance at the PCC. 


SSC PCC = Vphase
2 / Zsource 1-ph  


where 


Vphase   is the phase–neutral voltage (V); 


Zsource 1-ph  is the single-phase source impedance (Ω). 


SSC PCC = (230)2 / 0.18 = 0.294 MVA 


5.8 Step 8 


Because the single-phase short-circuit power at the PCC (SSC PCC) is greater than the 
minimum short-circuit power at the PCC (SSC PCC Min), 0.294 MVA > 0.267 MVA, then the 
connection is compliant and is permitted.  


 
  


————————— 


1 For low voltage systems there are two distinct types of metering: whole current metering and current 
transformer (CT) metering. The specified rating of whole current metering is characteristically limited to a value 
of 80 A or 100 A. Above these values, we resort to CT metering. Consequently, if whole current metering is 
present then we assume, for the purposes of EREC G5, that the service current capacity is < 100 A. 
Conversely, when CT metering is present, we can assume, for the purposes of EREC G5, that the service 
current capacity is ≥ 100 A. Note that this categorisation is simply used to infer a source impedance, rather 
than providing an actual service current capacity value. For further information see, IEC TR 60725. 
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6 Worked Example 4 


Table E5 — Connection data for Worked Example 4 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


4 


 


2 x Heat 
Pump 


10 


 


14.43 3 IEC 61000-
3-12 


compliant 


LV ≥ 100 A 1B-1 


34 49.07 3 IEC 61000-
3-12 


compliant 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• Three-phase source impedance at the PCC = 0.15 Ω. 
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6.1 Step 1 


 


Figure E8 — Step 1 for Worked Example 4 
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6.2 Step 2 


 


Figure E9 — Step 2 for Worked Example 4 
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6.3 Step 3 


 


Figure E10 — Steps 3 to 8 for Worked Example 4 


There are two items of equipment, with individual equipment ratings (Iequ) as follows: 


• Iequ 1 = 14.43 A. 


• Iequ 2 = 49.07 A. 


In both cases, Iequ ≤ 75 A, so we progress to Step 4. 
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6.4 Step 4 


Both items of equipment have the manufacturer’s statement: “Equipment complying with 
IEC 61000-3-12”, so we progress to Step 5. 


6.5 Step 5 


No items of equipment carry the statement “Equipment complying with IEC 61000-3-12 
subject to SSC Min ≥ X kVA”, so we progress to Step 6. 


6.6 Step 6 


We need to determine the minimum short-circuit power (MVA) at the PCC (SSC PCC Min). 


CT metering has been specified as being used, therefore the service current capacity (ISCC) is 
greater than 100 A. 


From Table 18, for M = 2: 


• FSCE Min = 24.224 and α = 2. 


• Sequ 1 = 10 kVA, Sequ 2 = 34 kVA. 


From Equation 8, reproduced below, we can solve for SSC PCC Min. 


 SSC PCC Min = 
FSCE Min √∑ (Sequ m)


αM
m = 1


α


1000
 = 


24.2245×√10
2 + 34


22


1000
  =  0.859 MVA  


(2) 


6.7 Step 7 


We calculate the three-phase short-circuit power (SSC PCC) from the three-phase source 
impedance at the PCC. 


SSC PCC = Vs
2 / Zsource 3-ph  


where 


Vs   is the phase–phase voltage (V); 


Zsource 3-ph  is the three-phase source impedance (Ω). 


SSC PCC = (400)2 / 0.15 = 1.067 MVA. 


6.8 Step 8 


Because the single-phase short-circuit power at the PCC (SSC PCC) is greater than the 
minimum short-circuit power at the PCC (SSC PCC Min), 1.067 MVA > 0.859 MVA, then the 
connection is compliant and is permitted.  
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7 Worked Example 5 


Table E6 — Connection data for Worked Example 5 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


5 EV Charge 
Point 


7.36 32 1 None LV < 100 A 1B-1 


 


The following additional data has been supplied for this connection: 


• Whole current metering is used. 


• Single-phase source impedance at the PCC = 0.26 Ω = 0.233 + j0.116 Ω. 


• Connection has already been made under the ENA Connect and Notify procedure. 
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7.1 Step 1 


 


Figure E11 — Step 1 for Worked Example 5 
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7.2 Step 2 


 


Figure E12 — Step 2 for Worked Example 5 
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7.3 Step 3 


 


Figure E13 — Steps 3 to 9 for Worked Example 5 


There is one item of equipment, with rating (Iequ 1) = 32 A, which is less than the 75 A 
threshold, so we progress to Step 4. 


  


Stage 1B


Iequ      A for each item?


Stage 1C


SSC PCC    
SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
network


Y


N


Manufacturer provides 
statement 2 compliance for any 


item?


Determine 
SSC PCC Min with 


Equation 9


Determine SSC PCC Min 
with Table 18 & 


Equation 8


For all 
equipment, manufacturer 


provides statement 1 
or statement 2 (see 7.3.2) compliance 


with IEC 61000-3-12?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y







ENA Engineering Recommendation G5 Issue 5, 2018  
Worked Examples 
Page 34 
 


 


7.4 Step 4 


As the charger is on board the electric vehicle and the specific electric vehicle that is 
connected to the charge point may vary – the charge point might be used by several vehicles 
– it is not possible to know the harmonic emission.  


EMC Regulation 10 (ECE-R10) and EN 61851-21 refer to EN 61000-3-2 and EN 61000-3-12 
standards. For a 32 A rated charge point, we may assume the prospective on-board 
chargers are all compliant with the limits in EN 61000-3-12 relating to Rsce = 33, in the 
absence of other information. Consequently, the corresponding manufacturer’s statement 
would be “Equipment complying with IEC 61000-3-12”. 


7.5 Step 5 


In this example, there are no items of equipment carrying the statement “Equipment 
complying with IEC 61000-3-12 subject to SSC Min ≥ X kVA”, so we progress to Step 6. 


7.6 Step 6 


We need to determine the minimum short-circuit power (MVA) at the PCC (SSC PCC Min). 


Whole current metering has been specified as being used, therefore the service current 
capacity (ISCC) is less than 100 A. 


From Table 18, for M = 1: 


• FSCE Min = 29.05 and α = 2. 


• Sequ 1 = 7.36 kVA. 


From Equation 8, reproduced below, we can solve for SSC PCC Min: 


 SSC PCC Min = 
FSCE Min √∑ (Sequ m)


αM
m = 1


α


1000
 = 


29.05×√7.36
22


1000
  =  0.214 MVA  


(3) 


7.7 Step 7 


We calculate the single-phase short-circuit power (SSC PCC) from the single-phase source 
impedance at the PCC. 


SSC PCC = Vphase
2 / Zsource 1-ph  


where 


Vphase    is the phase–neutral voltage (V); 


Zsource 1-ph   is the single-phase source impedance (Ω). 


SSC PCC = (230)2 / 0.26 = 0.203 MVA. 


7.8 Step 8 


Because 0.203 MVA is less than 0.214 MVA, then SSC PCC > SSC PCC Min is not satisfied and so 
we progress to Step 9, which takes account of a correction to the X/R ratio. 
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7.9 Step 9 


Since whole current metering is specified, the service current capacity is less than 100 A and 
so we refer to Table A1. 


Source impedance = 0.26 Ω = (0.233 + j0.116) Ω. 


X/R ratio = 0.116 / 0.233 = 0.498. 


From Table A1 in EREC G5, reproduced below, for M = 1 and X/R ≤ 0.5, the appropriate 
multiplier is 0.947.  


 


 
Multiplier 


M 
X/R = 


0.5 
X/R = 


0.6 
X/R = 
0.625 


X/R = 
0.7 


X/R = 
0.8 


X/R = 
0.9 


X/R = 
1.0 


X/R = 
1.1 


X/R = 
1.2 


X/R = 
1.3 


X/R = 
1.4 


X/R = 
1.5 


1 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


2 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


3 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


4 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


5 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


6 0.912 0.983 1.000 1.049 1.108 1.160 1.206 1.247 1.282 1.312 1.339 1.362 


7 0.912 0.983 1.000 1.049 1.108 1.160 1.206 1.247 1.282 1.312 1.339 1.362 


8 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


9 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


10 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


 


We can now find a modified SSC PCC Min = M × 0.213808 MVA = 0.2025 MVA. 


Because the single-phase short-circuit power at the PCC (SSC PCC) is greater than the 
modified minimum short-circuit power at the PCC (modified SSC PCC Min), 
0.2035 MVA > 0.2025 MVA, then the connection is compliant and is permitted.  
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8 Worked Example 6 


Table E7 — Connection data for Worked Example 6 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


6 EV Rapid 
DC Output 
(Mode 4) 
Charger 


50 72.17 3 IEC 61000-3-12 
compliant 
subject to 
SSC MIN = 
2.0 MVA 


LV ≥ 100 A 1B-2 


EV Charge 
Point 


22 32.00 3 IEC 61000-3-12 
compliant 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• SSC PCC = 3.05 MVA. 
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8.1 Step 1 


 


Figure E14 — Step 1 for Worked Example 6 
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8.2 Step 2 


 


Figure E15 — Step 2 for Worked Example 6 
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8.3 Step 3 


 


Figure E16 — Steps 3 to 7 for Worked Example 6 


There are two items of equipment, with individual equipment ratings (Iequ) as follows: 


• Iequ 1 = 72.17 A. 


• Iequ 2 = 32.00 A. 


In both cases, Iequ ≤ 75 A, so we progress to Step 4. 
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8.4 Step 4 


One item of equipment has the manufacturer’s statement: “Equipment complying with 
IEC 61000-3-12”. 


One item of equipment carries the statement “Equipment complying with IEC 61000-3-12 
subject to SSC Min ≥ 2.0 kVA”. 


Both items have a compliance statement, but one is contingent on a specified SSC Min value, 
so we progress to Step 5, which follows the Stage 1B-2 process. 


8.5 Step 5 


We need to determine the minimum short-circuit power (MVA) at the PCC (SSC PCC Min). 


From Equation 9, reproduced below, we can solve for SSC PCC Min: 


SSC PCC Min = 33 ∑ Sequ m


M


m = 1


+ ∑ SSC Min n


N


n = 1


 (4) 


The manufacturer states “Equipment complying with IEC 61000-3-12 subject to 
SSC Min = 2.0 MVA” for one item, so N = 1 in Equation 9 and we can state that 


SSC Min 1 = 2.0 MVA and also that ∑ SSC Min n
N
n = 1  = 2.0 MVA. 


The manufacturer states “Equipment complying with IEC 61000-3-12” for one item, so M = 1 


in Equation 9 and we can state that ∑ Sequ m
M
m = 1  = Sequ 1 = 22 kVA and also that 


33 ∑ Sequ m
M
m = 1  = 33 × 22 kVA = 0.726 MVA. 


Solving Equation 9: 


SSC PCC Min = 2.0 MVA + 0.726 MVA = 2.726 MVA. 


8.6 Step 6 


The utility has provided the three-phase short-circuit power, SSC PCC = 3.05 MVA. 


8.7 Step 7 


Because the three-phase short-circuit power at the PCC (SSC PCC) is greater than the 
minimum short-circuit power at the PCC (SSC PCC Min), 3.05 MVA > 2.726 MVA, then the 
connection is compliant and is permitted.   
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9 Worked Example 7 


Table E8 — Connection data for Worked Example 7 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


7 Active 
Front-end 
Motor Drive 


70 101.04 3 — LV ≥ 100 A 1C-1 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• SSC PCC = 5.1 MVA. 
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9.1 Step 1 


 


Figure E17 — Step 1 for Worked Example 7 
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9.2 Step 2 


 


Figure E18 — Step 2 for Worked Example 7 
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9.3 Step 3 


 


Figure E19 — Step 3 for Worked Example 7 


There is one item of equipment, with rating Iequ 1 = 101.04 A, which is greater than the 75 A 
threshold, so we progress to Step 4, which follows the Stage 1C process. 
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9.4 Step 4 


 


Figure E20 — Steps 4 to 7 for Worked Example 7 
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The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 19 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 11, 
which is reproduced and solved below.  


From Table 19:  


• ∑Sequ permitted @ reference Ssc = 192 kVA for a reference SSC of 10 MVA. 


Equation 11, reproduced below, is used to solve for the permitted aggregate equipment rated 
power, ∑Sequ permitted. 


 


∑Sequ permitted = 5.1 MVA × (192 kVA / 10 MVA) = 97.92 kVA. 


9.7 Step 7 


Since the aggregate equipment rated power (∑Sequ) is less than the permitted aggregate 
equipment rated power (∑Sequ permitted), 70 kVA < 97.92 kVA, then the connection is compliant 
and is permitted. 


  


∑ Sequ permitted  = SSC PCC (
∑ Sequ permitted @ Ssc reference


SSC reference


) (5) 
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10 Worked Example 8 


Table E9 — Connection data for Worked Example 8 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


8 Rectifier 4 17.39 1 — LV < 100 A 1C-1 


 


The following additional data has been supplied for this connection: 


• Whole current metering is used. 


• Single-phase source impedance at the PCC is 0.03301 Ω.  


NOTE: The PCC is located at the secondary terminals of a 100 kVA single-phase transformer. 
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10.1 Step 1 


 


Figure E21 — Step 1 for Worked Example 8 
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10.2 Step 2 


 


Figure E22 — Step 2 for Worked Example 8 
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10.3 Step 3 


 


Figure E23 — Step 3 for Worked Example 8 


There is one item of equipment, with rating Iequ 1 = 17.39 A, which is less than the 75 A 
threshold, so we progress to Step 4. 
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10.5 Step 5 


 


Figure E24 — Steps 5 to 9 for Worked Example 8 


We are not dealing with a mix of technology types so we follow the Stage 1C-1 process. 


10.6 Step 6 


Since there is only one item of equipment, the aggregate equipment rated power 
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10.7 Step 7 


The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 19 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 11, 
which is reproduced and solved below.  


From Table 19:  


• ∑Sequ permitted @ reference Ssc = 7.9 kVA for a reference SSC of 2 MVA. 


10.8 Step 8 


Equation 11, reproduced below, is used to solve for the permitted aggregate equipment rated 
power, ∑Sequ permitted. 


The short-circuit power at the PCC (SSC PCC) is calculated as 
SSC PCC = Vphase


2 / Zsource phase‑neutral = (230)2 / 0.03301 = 1.6025 MVA. 


∑Sequ permitted = 1.6025 MVA × (7.9 kVA / 2 MVA) = 6.33 kVA. 


10.9 Step 9 


Since the aggregate equipment rated power (∑Sequ) is less than the permitted aggregate 
equipment rated power (∑Sequ permitted), 4 kVA < 6.33 kVA, then the connection is compliant 
and is permitted. 


 
 
  


∑ Sequ permitted  = SSC PCC (
∑ Sequ permitted @ Ssc reference


SSC reference


) (6) 
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11 Worked Example 9 


Table E10 — Connection data for Worked Example 9 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


8 6-Pulse 
AC/DC 
Motor Drive 


20 28.87 3 — LV ≥ 100 A 1C-2 


Active 
Front-end 
Motor Drive 


70 101.04 3 — 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• Three-phase short-circuit power at the PCC is 13.1 MVA. 
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11.1 Step 1 


 


Figure E25 — Step 1 for Worked Example 9 
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11.2 Step 2 


 


Figure E26 — Step 2 for Worked Example 9 


 
  


Stage 1A


Connection to 
network


Stage 1B


Equipment 
compliant with 


IEC 61000-3-2?
(see NOTE 1 
and NOTE 2) N


Y







ENA Engineering Recommendation G5 Issue 5, 2018  
Worked Examples 
Page 56 
 


 


11.3 Step 3 


 


Figure E27 — Step 3 for Worked Example 9 


There is one item of equipment with rating above the 75 A threshold, Iequ 2 = 101.04 A, so we 
progress to Step 4, which follows the Stage 1C process. 
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11.4 Step 4 


 


Figure E28 — Steps 4 to 7 for Worked Example 9 


We have a mix of three-phase six-pulse converters and active-front-end converters, so we 
progress to Step 5, which follows the Stage 1C-2 process. 
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11.5 Step 5 


We need to determine the minimum permitted short-circuit power (MVA) at the PCC 
(SSC PCC Min) using Equation 12, which is reproduced below. 


Where J is the number of items of three-phase six-pulse plant or equipment – one in this 
example – and K is the number of items of three-phase active-front-end plant or equipment – 
also one in this example.  


 


SSC PCC Min = (459.977 × 20 kVA) + (52.17 × 70 kVA)  
  = 12.851 MVA. 


11.6 Step 6 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 13.1 MVA. 


11.7 Step 7 


Since the three-phase short-circuit power at the PCC (SSC PCC) is greater than the minimum 
permitted short-circuit power (SSC PCC Min), 13.1 MVA > 12.851 MVA, then the connection is 
compliant and is permitted. 


 
  


SSC PCC Min = 459.977 ∑ Sequ j


J


j = 1


 + 52.170 ∑ Sequ k


K


k = 1


 (7) 
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12 Worked Example 10 


Table E11 — Connection data for Worked Example 10 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


10 Active 
Front-end 
Motor Drive 


104 150 3 — LV ≥ 100 A 1D-1 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• SSC PCC = 5.1 MVA. 


• V5 m = 1.43%. 


• V5 PL = 4%. 
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12.1 Step 1 


 


Figure E29 — Step 1 for Worked Example 10 
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12.2 Step 2 


 


Figure E30 — Step 2 for Worked Example 10 
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12.3 Step 3 


 


Figure E31 — Step 3 for Worked Example 10 


There is one item of equipment with rating above the 75 A threshold, Iequ 1 = 150 A, so we 
progress to Step 4, which follows the Stage 1C process. 
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12.4 Step 4 


 


 


Figure E32 — Steps 4 to 7 for Worked Example 10 


We are not dealing with a mix of technology types so we follow the Stage 1C-1 process. 
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scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 11, 
which is reproduced and solved below.  


From Table 19:  


• ∑Sequ permitted @ reference Ssc = 192 kVA for a reference SSC of 10 MVA. 


Equation 11, reproduced below, is used to solve for the permitted aggregate equipment rated 
power, ∑Sequ permitted. 


The short-circuit power at the PCC (SSC PCC) is given as 5.1 MVA.  


∑Sequ permitted = 5.1 MVA × (192 kVA / 10 MVA) = 97.92 kVA. 


12.7 Step 7 


Since the aggregate equipment rated power (∑Sequ) is greater than the permitted aggregate 
equipment rated power (∑Sequ permitted), 104 kVA < 97.92 kVA, then the connection must 
progress to Stage 1D-1. 


  


∑ Sequ permitted  = SSC PCC (
∑ Sequ permitted @ Ssc reference


SSC reference


) (8) 
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12.8 Step 8 


 


Figure E33 — Steps 8 to 11 for Worked Example 10 


Since we have only one three-phase active-front-end plant item, the limiting harmonic is 
considered to be h = 5. 
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12.9 Step 9 


We calculate the headroom at the limiting harmonic order using Equation 14, reproduced 
below. 


V5 headroom = V5 PL – V5 m (9) 


V5 headroom = 4% – 1.43% = 2.57%. 


12.10 Step 10 


We calculate ∑Sequ permitted using Equation 13, reproduced below. 


∑ Sequ permitted  = 
5.1 MVA


10 MVA
×


2.57%


0.25×4%
×192 kVA = 251.654 kVA. 


12.11 Step 11 


Since the aggregate equipment rated power (∑Sequ) is less than the permitted aggregate 
equipment rated power (∑Sequ permitted), 104 kVA < 251.654 kVA, then the connection is 
compliant and is permitted. 


  


∑ Sequ permitted  = 
SSC PCC


10 MVA
×


V5 headroom


0.25V5 PL


× ∑ Sequ permitted @ Ssc reference  (10) 
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13 Worked Example 11 


Table E12 — Connection data for Worked Example 11 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


11 6-Pulse 
AC/DC 
Motor Drive 


20 28.87 3 — LV ≥ 100 A 1D-2 


Active 
Front-end 
Motor Drive 


70 101.04 3 — 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• SSC PCC = 6 MVA. 


• V5 m = 1.43%. 


• V5 PL = 4.0%. 
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13.1 Step 1 


 


Figure E34 — Step 1 for Worked Example 11 
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13.2 Step 2 


 


Figure E35 — Step 2 for Worked Example 11 
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13.3 Step 3 


 


Figure E36 — Step 3 for Worked Example 11 


There is one item of equipment with rating above the 75 A threshold, Iequ 2 = 101.04 A, so we 
progress to Step 4, which follows the Stage 1C process. 
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13.4 Step 4 


 


Figure E37 — Steps 4 to 7 for Worked Example 11 


 


We have a mix of three-phase six-pulse converters and active-front-end converters, so we 
progress to Step 5, which follows the Stage 1C-2 process. 
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13.5 Step 5 


We need to determine the minimum permitted short-circuit power (MVA) at the PCC 
(SSC PCC Min) using Equation 12, as shown below. 


Where J is the number of items of three-phase six-pulse plant or equipment – one in this 
example – and K is the number of items of three-phase active-front-end plant or equipment – 
also one in this example.  


 


SSC PCC Min = (459.977 × 20 kVA) + (52.17 × 70 kVA)  
  = 12.851 MVA. 


13.6 Step 6 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 6 MVA. 


13.7 Step 7 


Since the three-phase short-circuit power at the PCC (SSC PCC) is lower than the minimum 
permitted short-circuit power (SSC PCC Min), 6 MVA < 12.851 MVA, then the connection 
progresses to Stage 1D-2. 


SSC PCC Min = 459.977 ∑ Sequ j


J


j = 1


 + 52.170 ∑ Sequ k


K


k = 1


 (11) 
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13.8 Step 8 


 


Figure E38 — Steps 8 to 10 for Worked Example 11 


The minimum short-circuit power at the PCC (SSC PCC Min), for this mixed three-phase 
converter technology example is calculated using Equation 19, as below. 
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13.9 Step 9 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 6 MVA. 


13.10 Step 10 


Since the three-phase short-circuit power at the PCC (SSC PCC) is greater than the minimum 
permitted short-circuit power (SSC PCC Min), 6 MVA > 5 MVA, then the connection is compliant 
and is permitted. 
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14 Worked Example 12 


Table E13 — Connection data for Worked Example 12 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


12 6-Pulse 
AC/DC 
Motor 
Drives 


50 72.17 3 — 11 kV — 2A-1 


30 43.30 3 — 


 


The following additional data has been supplied for this connection: 


• SSC PCC = 100 MVA. 
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14.1 Step 1 


 


Figure E39 — Step 1 for Worked Example 12 
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14.2 Step 2 


 


Figure E40 — Steps 2 to 6 for Worked Example 12 


We are not dealing with a mix of technology types so we follow the Stage 2A-1 process. 
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14.3 Step 3 


We determine the aggregate equipment rated power (∑Sequ) in accordance with Equation 21, 
as below. 


  ∑Sequ = ∑ Sequ j


J


j = 1


 (13) 


∑Sequ = 50 kVA + 30 kVA = 80 kVA. 


14.4 Step 4 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 100 MVA. 


14.5 Step 5 


The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 21 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 22, 
which is reproduced and solved below.  


From Table 21:  


• ∑Sequ permitted @ 60 MVA Ssc reference = 76 kVA. 


Equation 22 is used to solve for the permitted aggregate equipment rated power, 
∑Sequ permitted. 


  ∑ Sequ permitted  = SSC PCC (
∑ Sequ permitted @ 60 MVA Ssc reference 


60 MVA
) (14) 


∑Sequ permitted = 100 MVA × (76 kVA / 60 MVA) = 126.7 kVA. 


14.6 Step 6 


Since the aggregate equipment rated power (∑Sequ) is less than the permitted aggregate 
equipment rated power (∑Sequ permitted), 80 kVA < 126.7 kVA, then the connection is compliant 
and is permitted.  
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15 Worked Example 13 


Table E14 — Connection data for Worked Example 13 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


13 6-Pulse AC/DC 
Motor Drive 


2 x  
50 


 


2 x  
72.17 


 


3 — 11 kV — 2A-2 


Active Front-end 
Motor Drive 


1 x 
200 


1 x  
288.68 


3 — 


 


The following additional data has been supplied for this connection: 


• SSC PCC = 100 MVA. 
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15.1 Step 1 


 


Figure E41 — Step 1 for Worked Example 13 
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15.2 Step 2 


 


Figure E42 — Steps 2 to 5 for Worked Example 13 


We have a mix of three-phase six-pulse converters and active-front-end converters, so we 
progress to Step 3, which follows the Stage 2A-2 process. 
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15.3 Step 3 


We need to determine the minimum permitted short-circuit power (MVA) at the PCC 
(SSC PCC Min) using Equation 23, as shown below. 


  SSC PCC Min = 785.962 ∑ Sequ j


J


j = 1


+ 89.143 ∑ Sequ k


K


k = 1


 (15) 


Where J is the number of items of three-phase six-pulse plant or equipment – two in this 
example – and K is the number of items of three-phase active-front-end plant or equipment – 
one in this example.  


For the three-phase six-pulse equipment: 


• Sequ 1  = Sequ 2  = 50 kVA. 


• ∑ Sequ j
J
j = 1 = 50 kVA + 50 kVA = 100 kVA. 


For the three-phase active-front-end equipment: 


• ∑ Sequ k
K
k = 1 = 200 kVA. 


SSC PCC Min = (785.962 × 100 kVA) + (89.143 × 200 kVA). 


SSC PCC Min = 18.615 MVA. 


15.4 Step 4 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 100 MVA. 


15.5 Step 5 


Since the three-phase short-circuit power at the PCC (SSC PCC) is greater than the minimum 
permitted short-circuit power (SSC PCC Min), 100 MVA > 18.615 MVA, then the connection is 
compliant and is permitted. 
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16 Worked Example 14 


Table E15 — Connection data for Worked Example 14 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


14 6-Pulse AC/DC 
Motor Drives 


2 x  
50 


 


2 x  
72.17 


 


3 — 11 kV — 2B-1 


1 x  
30 


1 x  
43.3 


3 — 


 


The following additional data has been supplied for this connection: 


• SSC PCC = 100 MVA. 


• V5 m = 1.5%. 


• V5 PL = 3.0%. 


  







ENA Engineering Recommendation G5 Issue 5, 2018  
Worked Examples 
Page 84 
 


 


16.1 Step 1 


 


Figure E43 — Step 1 for Worked Example 14 
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16.2 Step 2 


 


Figure E44 — Steps 2 to 6 for Worked Example 14 


We are not dealing with a mix of technology types so we follow the Stage 2A-1 process. 
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16.3 Step 3 


We determine the aggregate equipment rated power (∑Sequ) in accordance with Equation 21, 
as below. 


  ∑Sequ = ∑ Sequ j


J


j = 1


 (16) 


∑Sequ = (2 × 50 kVA) + 30 kVA = 130 kVA. 


16.4 Step 4 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 100 MVA. 


16.5 Step 5 


The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 21 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 22, 
which is reproduced and solved below.  


From Table 21:  


• ∑Sequ permitted @ 60 MVA Ssc reference = 76 kVA. 


Equation 22 is used to solve for the permitted aggregate equipment rated power, 
∑Sequ permitted. 


  ∑ Sequ permitted  = SSC PCC (
∑ Sequ permitted @ 60 MVA Ssc reference 


60 MVA
) (17) 


∑Sequ permitted = 100 MVA × (76 kVA / 60 MVA) = 126.7 kVA. 


16.6 Step 6 


Since the aggregate equipment rated power (∑Sequ) is greater than the permitted aggregate 
equipment rated power (∑Sequ permitted), 130 kVA > 126.7 kVA, then the connection progresses 
to Stage 2B-1. 
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16.7 Step 7 


 


Figure E45 — Steps 7 to 10 for Worked Example 14 
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Since we are dealing with three-phase, six-pulse converters only, the limiting harmonic is 
taken to be h = 5. 


16.8 Step 8 


V5 headroom = V5 PL – V5 m. 


 


V5 headroom = 3% – 1.5% = 1.5%. 


16.9 Step 9 


The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 21 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 24, 
which is reproduced and solved below.  


From Table 21:  


• ∑Sequ permitted @ 60 MVA Ssc reference = 76 kVA. 


Equation 24 is used to solve for the permitted aggregate equipment rated power, 
∑Sequ permitted. 


∑ Sequ permitted = 
SSC PCC


60 MVA
×


V5 headroom


0.25V5 PL


× ∑ Sequ permitted @ 60 MVA Ssc reference  (18) 


∑ Sequ permitted = 
100 MVA


60 MVA
×


1.5%


0.25×3%
×76 kVA = 253.333 kVA. 


16.10 Step 10 


Since the aggregate equipment rated power (∑Sequ) is less than the permitted aggregate 
equipment rated power (∑Sequ permitted), 130 kVA < 253.333 kVA, then the connection is 
compliant and is permitted. 
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17 Worked Example 15 


Table E16 — Connection data for Worked Example 15 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


15 6-Pulse AC/DC 
Motor Drive 


100 


 


144.34 3 — 11 kV — 2B-2 


Active Front-end 
Motor Drive 


500 721.69 3 — 


 


The following additional data has been supplied for this connection: 


• SSC PCC = 62 MVA. 


• V5 m = 1.5%. 


• V5 PL = 3.0%. 
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17.1 Step 1 


 


Figure E46 — Step 1 for Worked Example 15 
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17.2 Step 2 


 


Figure E47 — Steps 2 to 5 for Worked Example 15 


We have a mix of three-phase six-pulse converters and active-front-end converters, so we 
progress to Step 3, which follows the Stage 2A-2 process. 
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17.3 Step 3 


We need to determine the minimum permitted short-circuit power (MVA) at the PCC 
(SSC PCC Min) using Equation 23, as shown below. 


  SSC PCC Min = 785.962 ∑ Sequ j


J


j = 1


+ 89.143 ∑ Sequ k


K


k = 1


 (19) 


Where J is the number of items of three-phase six-pulse plant or equipment – one in this 
example – and K is the number of items of three-phase active-front-end plant or equipment – 
also one in this example.  


For the three-phase six-pulse equipment: 


• Sequ 1  = 100 kVA. 


• ∑ Sequ j
J
j = 1 = 100 kVA. 


For the three-phase active-front-end equipment: 


• Sequ 1  = 500 kVA. 


• ∑ Sequ k
K
k = 1 = 500 kVA. 


SSC PCC Min = (785.962 × 100 kVA) + (89.143 × 500 kVA). 


SSC PCC Min = 123.168 MVA. 


17.4 Step 4 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 62 MVA. 


17.5 Step 5 


Since the three-phase short-circuit power at the PCC (SSC PCC) is lower than the minimum 
permitted short-circuit power (SSC PCC Min), 62 MVA < 123.168 MVA, then the connection 
progresses to Stage 2B-2. 
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17.6 Step 6 


 


Figure E48 — Steps 6 to 9 for Worked Example 15 


The minimum short-circuit power at the PCC (SSC PCC Min) for mixed three-phase converter 
technology (i.e. a mix of six-pulse and active-front-end technology) is found using Equation 
28, as below. 


  SSC PCC Min = 
589.472 ∑ Sequ j


J
j = 1  + 66.857 ∑ Sequ k


K
k = 1


V5 headroom


 (20) 


17.7 Step 7 


V5 headroom = V5 PL – V5 m. 


 


V5 headroom = 3% – 1.5% = 1.5%. 


17.8 Step 8 


 SSC PCC Min = 
(589.472×100 MVA) + (66.857×500 MVA)


1.5%
 = 61.584 MVA. 


17.9 Step 9 


Since the three-phase short-circuit power at the PCC (SSC PCC) is greater than the minimum 
permitted short-circuit power (SSC PCC Min), 62 MVA > 61.584 MVA, then the connection is 
compliant and is permitted. 
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18 Worked Example 16 


Table E17 — Connection data for Worked Example 16 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


16 6-Pulse 
Motor Drive 


80 115.47 3 Current 
emission data 


available 


LV ≥ 100 A 2C 
via 


1D-1 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• SSC PCC = 5.1 MVA. 


• X1/R1 = 1.1. 


• V5 m = 1.53%. 


• V5 PL = 4%. 
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18.1 Step 1 


 


Figure E49 — Step 1 for Worked Example 16 
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18.2 Step 2 


 


Figure E50 — Step 2 for Worked Example 16 
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18.3 Step 3 


 


Figure E51 — Step 3 for Worked Example 16 


There is one item of equipment, with rating Iequ 1 = 115.47 A, which is greater than the 75 A 
threshold, so we progress to Step 4, which follows the Stage 1C process. 
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18.4 Step 4 


 


Figure E52 — Steps 4 to 9 for Worked Example 16 


We are not dealing with a mix of technology types so we follow the Stage 1C-1 process. 


18.5 Step 5 


Since there is only one item of equipment, the aggregate equipment rated power 
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18.7 Step 7 


The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 19 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 11, 
which is reproduced and solved below.  


From Table 19:  


• ∑Sequ permitted @ reference Ssc = 22 kVA for a reference SSC of 10 MVA. 


18.8 Step 8 


Equation 11, reproduced below, is used to solve for the permitted aggregate equipment rated 
power, ∑Sequ permitted. 


∑Sequ permitted = 5.1 MVA × (22 kVA / 10 MVA) = 11.22 kVA. 


18.9 Step 9 


Since the aggregate equipment rated power (∑Sequ) is greater than the permitted aggregate 
equipment rated power (∑Sequ permitted), 80 kVA > 11.22 kVA, then the connection progresses 
to Stage 1D-1. 


∑ Sequ permitted  = SSC PCC (
∑ Sequ permitted @ Ssc reference


SSC reference


) (21) 
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18.10 Step 10 


 


Figure E53 — Steps 10 to 13 for Worked Example 16 


Since we have only one three-phase six-pulse converter, the limiting harmonic is considered 
to be h = 5. 
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18.12 Step 12 


We calculate ∑Sequ permitted using Equation 13, as below. 


From Table 19:  


• ∑Sequ permitted @ reference Ssc = 22 kVA for a reference SSC of 10 MVA. 


∑ Sequ permitted  = 
5.1 MVA


10 MVA
×


2.47%


0.25×4%
×22 kVA = 27.713 kVA. 


18.13 Step 13 


Since the aggregate equipment rated power (∑Sequ) is greater than the permitted aggregate 
equipment rated power (∑Sequ permitted), 80 kVA > 11.22 kVA, then the connection progresses 
to Stage 2C. 


18.14 Step 14 


The connectee and DNO assemble the following harmonic current emission and background 
harmonic level data. 


Table E18 — Harmonic current emission data at the PCC from the manufacturer for 
Worked Example 16 


Harmonic 
order 


(h) 


Manufacturer’s stated 
harmonic current emission 


A 


2 9.2 


3 0 


4 4.6 


5 12.3 


6 3.1 


7 8.2 


8 2.3 


9 0 


10 1.8 


11 3.5 


12 1.5 


13 2.3 


> 13 0.0 


 
  


∑ Sequ permitted  = 
SSC PCC


10 MVA
×


V5 headroom


0.25V5 PL


× ∑ Sequ permitted @ Ssc reference  (22) 
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The DNO provided the following measured background harmonic levels: 


Table E19 — Background harmonic levels at the PCC from the DNO for Worked 
Example 16 


Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


 Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


2 0.06  27 0.20 


3 0.99  28 0.01 


4 0.05  29 0.20 


5 1.53  30 0.01 


6 0.02  31 0.20 


7 0.79  32 0.01 


8 0.02  33 0.20 


9 0.31  34 0.01 


10 0.01  35 0.20 


11 0.30  36 0.01 


12 0.01  37 0.20 


13 0.32  38 0.01 


14 0.01  39 0.20 


15 0.01  40 0.01 


16 0.01  41 0.20 


17 0.20  42 0.01 


18 0.01  43 0.20 


19 0.20  44 0.01 


20 0.01  45 0.20 


21 0.20  46 0.01 


22 0.01  47 0.20 


23 0.20  48 0.01 


24 0.01  49 0.20 


25 0.20  50 0.01 


26 0.01  THDVm 2.22 
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18.15 Step 15 


 


Figure E54 — Steps 14 to 19 for Worked Example 16 


The goal of this process is to assess each individual harmonic order (and the THDVp) against 
the relevant planning level to ascertain if the connection is permitted.  
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Section 8.4 of EREC G5 details the process, which can be broken down into the following 
basic steps: 


• Determine the three-phase short-circuit power at the PCC (SSC PCC). 


• Calculate the harmonic impedance (Zh) at the PCC for each harmonic order (h). 


• Calculate the incremental increase in harmonic voltage distortion (Vh c) at the PCC for 
each harmonic order (h) due to the proposed harmonic current emission. 


• Predict the future harmonic voltage distortion (Vh p) at the PCC for each harmonic order 
by summation of Vh m and Vh c (See EREC G5 Section 6.3.3).  


• Predict the future total harmonic voltage distortion (THDVp). 


• Compare the predicted THDVp and Vh p with the planning limits THDV PL and Vh PL. 


The steps outlined above will be followed for the example of the 5th harmonic, but it is 
recommended that a spreadsheet is used to implement calculation of the full range of 
applicable harmonic orders. 


18.16 Step 16 


An assumed worst-case harmonic impedance is used to find the incremental increase in 
harmonic voltage distortion (% Vphase) at the PCC due to the manufacturer’s stated harmonic 
current emissions from the proposed connecting plant. 


In this example, we are given the X/R ratio and so we do not need to explicitly calculate the 
harmonic impedance and can instead use the X/R ratio directly with Equation 35, which is 
reproduced and solved below for the example of the 5th harmonic. 


Vh c = 
100 √3IhVs


√h + k2h2 (
X1


R1


)
2


SSC 3ph
√1+ (


X1


R1


)
2


 (23) 


where 


Vh c   is the incremental increase in harmonic voltage distortion (% Vphase) at the 
PCC; 


Ih   is the harmonic current (A) at harmonic h; 


Vs    is the rated phase–phase voltage (V); 


k   is the worst-case reactance factor (see Error! Reference source not 
found.). 


  







ENA Engineering Recommendation G5 Issue 5, 2018  
Worked Examples 


Page 105 
 


 


From Table 22: 


• k = 1 for LV connection. 


V5 c = 
100 √3(12.3 A)(400 V)√5 + (1


2
) (5


2
) (1.1


2
)


5.1 MVA√1 + (1.1
2
)


 


V5 C = 5.1343 MVA / 7.5817 MVA = 0.667%. 


18.17 Step 17 


We know that the measured 5th harmonic level is 1.53%, so we must now aggregate the 
measured 5th harmonic voltage with the incremental – using the appropriate aggregation 
exponent (α) from Table 16 – to find the predicted harmonic voltage distortion (Vh p). 


From Table 16 for h = 5: 


• α = 1.4. 


Using Equation 7 in Section 6.3.3 of EREC G5: 


Vh p= √Vh c
∝ + Vh m


∝∝


 = √0.6671.4 + 1.531.4
1.4


 = √0.56725 + 1.81371
1.4


 = 1.858%. 


18.18 Step 18 


A spreadsheet is used to solve for all individual harmonic orders (Vh p) and for the total 
harmonic voltage distortion (THDVp).  


Table E20 — Harmonic compliance assessment table for Worked Example 16 


Harmonic 
order (h) 


Ih at 
400 V,  


A 


k Vh c at 
PCC,  


% h = 1 


Vh m at PCC,  
% h = 1 


α Vh p  
at PCC, 
% h = 1 


Vh PL  
at PCC,  
% h = 1 


Pass/ 
Fail 


2 9.20 1 0.220 0.060 1 0.280 1.600 Pass 


3 0.00 1 0.000 0.990 1 0.990 4.000 Pass 


4 4.60 1 0.203 0.050 1 0.253 1.000 Pass 


5 12.30 1 0.667 1.530 1.4 1.858 4.000 Pass 


6 3.10 1 0.199 0.020 1.4 0.205 0.500 Pass 


7 8.20 1 0.610 0.790 1.4 1.152 4.000 Pass 


8 2.30 0.5 0.110 0.020 1.4 0.117 0.400 Pass 


9 0.00 0.5 0.000 0.310 1.4 0.310 1.200 Pass 


10 1.80 0.5 0.104 0.010 1.4 0.107 0.400 Pass 


11 3.50 0.5 0.221 0.300 2 0.372 3.000 Pass 


12 1.50 0.5 0.102 0.010 2 0.103 0.200 Pass 


13 2.30 0.5 0.168 0.320 2 0.362 2.500 Pass 


14 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 
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15 0.00 0.5 0.000 0.010 2 0.010 0.500 Pass 


16 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


17 0.00 0.5 0.000 0.200 2 0.200 1.600 Pass 


18 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


19 0.00 0.5 0.000 0.200 2 0.200 1.500 Pass 


20 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


21 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


22 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


23 0.00 0.5 0.000 0.200 2 0.200 1.200 Pass 


24 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


25 0.00 0.5 0.000 0.200 2 0.200 1.000 Pass 


26 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


27 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


28 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


29 0.00 0.5 0.000 0.200 2 0.200 0.862 Pass 


30 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


31 0.00 0.5 0.000 0.200 2 0.200 0.806 Pass 


32 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


33 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


34 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


35 0.00 0.5 0.000 0.200 2 0.200 0.714 Pass 


36 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


37 0.00 0.5 0.000 0.200 2 0.200 0.676 Pass 


38 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


39 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


40 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


41 0.00 0.5 0.000 0.200 2 0.200 0.610 Pass 


42 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


43 0.00 0.5 0.000 0.200 2 0.200 0.581 Pass 


44 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


45 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


46 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


47 0.00 0.5 0.000 0.200 2 0.200 0.532 Pass 


48 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


49 0.00 0.5 0.000 0.200 2 0.200 0.510 Pass 


50 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


         THD 


   


THDVm = 2.22 


 


THDVp = 2.651 THDVPL = 5 Pass 
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18.19 Step 19 


Since all individual predicted harmonic voltage levels at the PCC, Vh p, are lower than the 
individual planning levels, VPL, and the predicted total harmonic voltage distortion, THDVp is 
lower than the planning level for total harmonic distortion, THDVPL, then the connection is 
compliant and is permitted. 
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19 Worked Example 17 


Table E21 — Connection data for Worked Example 17 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


17 6-Pulse 
AC/DC 
Motor 
Drives 


100 


 


144.34 


 


3 Current 
emission data 


available 


6.6 kV — 2C 


5 x 20 5 x 
28.87 


3 Current 
emission data 


available 


 


The following additional data has been supplied for this connection: 


• Current transformer (CT) metering is used. 


• SSC PCC = 61 MVA. 


• X1/R1 = 8. 


• V5 m = 2.1%. 


• V5 PL = 3%. 
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19.1 Step 1 


 


Figure E55 — Step 1 for Worked Example 17 
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19.2 Step 2 


 


Figure E56 — Steps 2 to 6 for Worked Example 17 


We are not dealing with a mix of technology types so we follow the Stage 2A-1 process. 
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19.3 Step 3 


We determine the aggregate equipment rated power (∑Sequ) in accordance with Equation 21, 
as below. 


  ∑Sequ = ∑ Sequ j


J


j = 1


 (24) 


∑Sequ = (5 × 20 kVA) + 100 kVA = 200 kVA. 


19.4 Step 4 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 61 MVA. 


19.5 Step 5 


The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 21 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 22, 
which is reproduced and solved below.  


From Table 21:  


• ∑Sequ permitted @ 60 MVA Ssc reference = 76 kVA. 


Equation 22 is used to solve for the permitted aggregate equipment rated power, 
∑Sequ permitted. 


  ∑ Sequ permitted  = SSC PCC (
∑ Sequ permitted @ 60 MVA Ssc reference 


60 MVA
) (25) 


∑Sequ permitted = 61 MVA × (76 kVA / 60 MVA) = 77.267 kVA. 


19.6 Step 6 


Since the aggregate equipment rated power (∑Sequ) is greater than the permitted aggregate 
equipment rated power (∑Sequ permitted), 200 kVA > 77.267 kVA, then the connection 
progresses to Stage 2B-1. 
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19.7 Step 7 


 


Figure E57 — Steps 7 to 10 for Worked Example 17 
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Since we are dealing with three-phase, six-pulse converters only, the limiting harmonic is 
taken to be h = 5. 


19.8 Step 8 


V5 headroom = V5 PL – V5 m. 


 


V5 headroom = 3% – 2.1% = 0.9%. 


19.9 Step 9 


The permitted aggregate equipment rated power (∑Sequ permitted) for the connection is 
determined with reference to the Table 21 value for ∑Sequ permitted @ reference Ssc, which is then 
scaled according to the short-circuit power at the PCC (SSC PCC) as shown in Equation 24, 
which is reproduced and solved below.  


From Table 21:  


• ∑Sequ permitted @ 60 MVA Ssc reference = 76 kVA. 


Equation 24 is used to solve for the permitted aggregate equipment rated power, 
∑Sequ permitted. 


 ∑ Sequ permitted = 
SSC PCC


60 MVA
×


V5 headroom


0.25V5 PL


× ∑ Sequ permitted @ 60 MVA Ssc reference  (26) 


∑ Sequ permitted = 
61 MVA


60 MVA
×


0.9%


0.25×3%
×76 kVA = 92.72 kVA. 


19.10 Step 10 


Since the aggregate equipment rated power (∑Sequ) is greater than the permitted aggregate 
equipment rated power (∑Sequ permitted), 200 kVA < 92.72 kVA, then the connection progresses 
to Stage 2C. 
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19.11 Step 11 


 


Figure E58 — Steps 11 to 15 for Worked Example 17 
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The following harmonic current emission data is provided by the connectee: 


Table E22 — Harmonic current data taken from the manufacturer's data sheet for 
Worked Example 17 


Harmonic 
order  


(h) 


20 kVA converter 
currents 


A 


100 kVA converter 
currents 


A 


400 V currents 
 


A 


6.6 kV currents 
 


A 


2 — — — — 


3 — — — — 


5 8.37 37.96 65.5 4.3 


7 3.2 11.9 23 1.51 


9 — — — — 


11 1.97 9.16 13.5 0.88 


13 1.13 5.37 7.8 0.51 


15 — — — — 


17 0.98 3.78 6.2 0.41 


19 0.7 2.94 4.6 0.3 


21 — — — — 


23 0.56 1.69 3.3 0.21 


25 0.47 1.55 2.8 0.18 


27 — — — — 


29 0.33 0.91 1.9 0.12 


31 0.32 0.83 1.8 0.12 


33 — — — — 


35 0.2 0.68 1.2 0.08 


37 0.21 0.57 1.2 0.08 


39 — — — — 


41 0.13 0.54 0.8 0.06 


43 0.14 0.47 0.8 0.06 


45 — — — — 


47 0.1 0.39 0.6 0.04 


49 0.1 0.36 0.6 0.04 


For the group of five 20 kVA units, the aggregate harmonic current emissions are 
conservatively calculated using linear addition because the units are identical. The 
summation of these emissions with those from the larger 100 kVA unit is done using the 
summation exponents as detailed in Section 6.3.3 of EREC G5.  


The summated LV currents are converted to currents at 6.6 kV by scaling using the 
6.6 kV / 433 V transformer turns ratio of 433 / 6600.  
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Since the transformer has a delta winding, the triplen harmonics are ignored; balanced triplen 
currents are assumed, giving negligible triplen currents at 6.6 kV. 


The DNO provided the following measured background harmonic levels: 


Table E23 — Background harmonic levels at the PCC from the DNO for Worked 
Example 17 


Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


 Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


2 0.10   27 0.00  


3 0.50   28 0.00  


4 0.00   29 0.00  


5 2.10   30 0.00  


6 0.00   31 0.00  


7 1.20   32 0.00  


8 0.00   33 0.00  


9 0.00   34 0.00  


10 0.00   35 0.00  


11 0.40   36 0.00  


12 0.00   37 0.00  


13 0.30   38 0.00  


14 0.00   39 0.00  


15 0.00   40 0.00  


16 0.00   41 0.00  


17 0.00   42 0.00  


18 0.00   43 0.00  


19 0.00   44 0.00  


20 0.00   45 0.00  


21 0.00   46 0.00  


22 0.00   47 0.00  


23 0.00   48 0.00  


24 0.00   49 0.00  


25 0.00   50 0.00  


26 0.00   THDVm 2.52  
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19.12 Step 12 


An assumed worst-case harmonic impedance is used to find the incremental increase in 
harmonic voltage distortion (% Vphase) at the PCC due to the manufacturer’s stated harmonic 
current emissions from the proposed connecting plant. 


In this example, we are given the X/R ratio and so we do not need to explicitly calculate the 
harmonic impedance and can instead use the X/R ratio directly with Equation 35, which is 
reproduced and solved below for the example of the 5th harmonic. 


Vh c = 
100 √3IhVs


√h + k2h2 (
X1


R1


)
2


SSC 3ph
√1+ (


X1


R1


)
2


 (27) 


From Table 22: 


• k = 2 for 6.6 kV connection. 


V5 c = 
100 √3(4.3 A)(6600 V)√5 + (2


2
) (5


2
) (8


2
)


61 MVA√1 + (8
2
)


 


V5 C = 393.3984 MVA / 491.7977 MVA = 0.8%. 


19.13 Step 13 


We know that the measured 5th harmonic level is 2.1%, so we must now aggregate the 
measured 5th harmonic voltage with the incremental – using the appropriate aggregation 
exponent (α) from Table 16 – to find the predicted harmonic voltage distortion (Vh p). 


From Table 16 for h = 5: 


• α = 1.4. 


Using Equation 7 in Section 6.3.3 of EREC G5: 


Vh p= √Vh c
∝ + Vh m


∝∝


 = √0.81.4 + 2.11.4
1.4


 = √0.7317 + 2.8256
1.4


 = 2.475%. 
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19.14 Step 14 


A spreadsheet is used to solve for all individual harmonic orders (Vh p) and for the total 
harmonic voltage distortion (THDVp).  


Table E24 — Harmonic compliance assessment table for Worked Example 17 


Harmonic 
order (h) 


Ih at 
400 V,  


A 


k Vh c at 
PCC,  


% h = 1 


Vh m at PCC,  
% h = 1 


α Vh p  
at PCC, 
% h = 1 


Vh PL  
at PCC,  
% h = 1 


Pass/ 
Fail 


2 0.00 2 0.000 0.100 1 0.100 1.500 Pass 


3 0.00 2 0.000 0.500 1 0.500 3.000 Pass 


4 0.00 2 0.000 0.000 1 0.000 1.000 Pass 


5 4.30 2 0.800 2.100 1.4 2.475 3.000 Pass 


6 0.00 2 0.000 0.000 1.4 0.000 0.500 Pass 


7 1.51 2 0.393 1.200 1.4 1.375 3.000 Pass 


8 0.00 2 0.000 0.000 1.4 0.000 0.400 Pass 


9 0.00 1 0.000 0.000 1.4 0.000 1.200 Pass 


10 0.00 1 0.000 0.000 1.4 0.000 0.400 Pass 


11 0.88 1 0.180 0.400 2 0.439 2.000 Pass 


12 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


13 0.51 1 0.123 0.300 2 0.324 2.000 Pass 


14 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


15 0.00 1 0.000 0.000 2 0.000 0.400 Pass 


16 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


17 0.41 1 0.130 0.000 2 0.130 1.600 Pass 


18 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


19 0.30 1 0.106 0.000 2 0.106 1.500 Pass 


20 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


21 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


22 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


23 0.21 1 0.090 0.000 2 0.090 1.200 Pass 


24 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


25 0.18 1 0.084 0.000 2 0.084 1.000 Pass 


26 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


27 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


28 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


29 0.12 1 0.065 0.000 2 0.065 0.862 Pass 


30 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


31 0.12 1 0.069 0.000 2 0.069 0.806 Pass 


32 0.00 1 0.000 0.000 2 0.000 0.200 Pass 
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33 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


34 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


35 0.08 1 0.052 0.000 2 0.052 0.714 Pass 


36 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


37 0.08 1 0.055 0.000 2 0.055 0.676 Pass 


38 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


39 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


40 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


41 0.06 1 0.046 0.000 2 0.046 0.610 Pass 


42 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


43 0.06 1 0.048 0.000 2 0.048 0.581 Pass 


44 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


45 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


46 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


47 0.04 1 0.035 0.000 2 0.035 0.532 Pass 


48 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


49 0.04 1 0.036 0.000 2 0.036 0.510 Pass 


50 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


                  
THD       THDVm = 2.52   THDVp = 2.939 THDVPL = 5 Pass 


19.15 Step 15 


Since all individual predicted harmonic voltage levels at the PCC, Vh p, are lower than the 
individual planning levels, VPL, and the predicted total harmonic voltage distortion, THDVp is 
lower than the planning level for total harmonic distortion, THDVPL, then the connection is 
compliant and is permitted. 
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20 Worked Example 18 


Table E25 — Connection data for Worked Example 18 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


18 Professional 
Equipment 


12 17.32 3 Current 
emission data 


available 


LV < 100 A 2C 
via 
1C 


 


The following additional data has been supplied for this connection: 


• Whole current metering is used. 


• SSC PCC = 3.05 MVA. 


• X1/R1 = 1.1. 
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20.1 Step 1 


 


Figure E59 — Step 1 for Worked Example 18 
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20.2 Step 2 


 


Figure E60 — Step 2 for Worked Example 18 
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20.3 Step 3 


 


Figure E61 — Step 3 for Worked Example 18 
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20.4 Step 4 


 


Figure E62 — Step 4 for Worked Example 18 


The equipment is neither specified as a three-phase six-pulse converter, three-phase twelve-
pulse converter, three-phase active-front-end converter nor single-phase rectifier technology 
– nor is it a mixture of these types – so we progress to Step 5, which follows the Stage 2C 
process. 
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20.5 Step 5 


The connectee and DNO assemble the following harmonic current emission and background 
harmonic level data. 


Table E26 — Harmonic current emission data at the PCC from the manufacturer for 
Worked Example 18 


Harmonic 
order 


(h) 


Manufacturer’s stated 
harmonic current emission 


A 


2 2.16 


3 4.60 


4 0.86 


5 2.28 


6 0.60 


7 1.54 


8 0.46 


9 0.80 


10 0.37 


11 0.66 


12 0.31 


13 0.42 


> 13 0.00 


 
  







ENA Engineering Recommendation G5 Issue 5, 2018  
Worked Examples 
Page 126 
 


 


The DNO provided the following measured background harmonic levels: 


Table E27 — Background harmonic levels at the PCC from the DNO for Worked 
Example 18 


Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


 Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


2 0.06   27 0.20 


3 0.99   28 0.01 


4 0.05   29 0.20 


5 1.53   30 0.01 


6 0.02   31 0.20 


7 0.79   32 0.01 


8 0.02   33 0.20 


9 0.31   34 0.01 


10 0.01   35 0.20 


11 0.30   36 0.01 


12 0.01   37 0.20 


13 0.32   38 0.01 


14 0.01   39 0.20 


15 0.01   40 0.01 


16 0.01   41 0.20 


17 0.20   42 0.01 


18 0.01   43 0.20 


19 0.20   44 0.01 


20 0.01   45 0.20 


21 0.20   46 0.01 


22 0.01   47 0.20 


23 0.20   48 0.01 


24 0.01   49 0.20 


25 0.20   50 0.01 


26 0.01   THDVm 2.22 
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20.6 Step 6 


 


Figure E63 — Steps 6 to 9 for Worked Example 18 


We are given the X/R ratio and so we do not need to explicitly calculate the harmonic 
impedance and can instead use the X/R ratio directly with Equation 35, which is reproduced 
and solved below for the example of the 5th harmonic. 


Vh c = 
100 √3IhVs
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 (28) 
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From Table 22: 


• k = 1 for 400 V connection. 


V5 c = 
100 √3(2.28 A)(400 V)√5 + (1


2
) (5


2
) (1.1


2
)


3.05 MVA√1 + (1.1
2
)


 


V5 C = 0.93785 MVA / 4.53415 MVA = 0.207%. 


20.7 Step 7 


We know that the measured 5th harmonic level is 1.53%, so we must now aggregate the 
measured 5th harmonic voltage with the incremental – using the appropriate aggregation 
exponent (α) from Table 16 – to find the predicted harmonic voltage distortion (Vh p). 


From Table 16 for h = 5: 


• α = 1.4. 


Using Equation 7 in Section 6.3.3 of EREC G5: 


Vh p= √Vh c
∝ + Vh m


∝∝


 = √0.2071.4 + 1.531.4
1.4


 = √0.1102 + 1.8137
1.4


 = 1.596%. 


20.8 Step 8 


A spreadsheet is used to solve for all individual harmonic orders (Vh p) and for the total 
harmonic voltage distortion (THDVp).  


Table E28 — Harmonic compliance assessment table for Worked Example 18 


Harmonic 
order (h) 


Ih at 
400 V,  


A 


k Vh c at 
PCC,  


% h = 1 


Vh m at PCC,  
 


% h = 1 


α Vh p  
at PCC, 
% h = 1 


Vh PL  
at PCC,  
% h = 1 


Pass/ 
Fail 


2 2.16 1 0.086 0.060 1 0.146 1.600 Pass 


3 4.16 1 0.237 0.990 1 1.227 4.000 Pass 


4 0.86 1 0.064 0.050 1 0.114 1.000 Pass 


5 2.28 1 0.207 1.530 1.4 1.596 4.000 Pass 


6 0.60 1 0.065 0.020 1.4 0.073 0.500 Pass 


7 1.54 1 0.192 0.790 1.4 0.866 4.000 Pass 


8 0.46 0.5 0.037 0.020 1.4 0.047 0.400 Pass 


9 0.80 0.5 0.071 0.310 1.4 0.338 1.200 Pass 


10 0.37 0.5 0.036 0.010 1.4 0.040 0.400 Pass 


11 0.66 0.5 0.070 0.300 2 0.308 3.000 Pass 


12 0.31 0.5 0.035 0.010 2 0.037 0.200 Pass 


13 0.42 0.5 0.051 0.320 2 0.324 2.500 Pass 


14 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 
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15 0.00 0.5 0.000 0.010 2 0.010 0.500 Pass 


16 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


17 0.00 0.5 0.000 0.200 2 0.200 1.600 Pass 


18 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


19 0.00 0.5 0.000 0.200 2 0.200 1.500 Pass 


20 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


21 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


22 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


23 0.00 0.5 0.000 0.200 2 0.200 1.200 Pass 


24 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


25 0.00 0.5 0.000 0.200 2 0.200 1.000 Pass 


26 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


27 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


28 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


29 0.00 0.5 0.000 0.200 2 0.200 0.862 Pass 


30 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


31 0.00 0.5 0.000 0.200 2 0.200 0.806 Pass 


32 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


33 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


34 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


35 0.00 0.5 0.000 0.200 2 0.200 0.714 Pass 


36 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


37 0.00 0.5 0.000 0.200 2 0.200 0.676 Pass 


38 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


39 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


40 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


41 0.00 0.5 0.000 0.200 2 0.200 0.610 Pass 


42 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


43 0.00 0.5 0.000 0.200 2 0.200 0.581 Pass 


44 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


45 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


46 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


47 0.00 0.5 0.000 0.200 2 0.200 0.532 Pass 


48 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


49 0.00 0.5 0.000 0.200 2 0.200 0.510 Pass 


50 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


                  
THD       THDVm = 2.220   THDVp = 2.417 THDVPL = 5 Pass 
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20.9 Step 9 


Since all individual predicted harmonic voltage levels at the PCC, Vh p, are lower than the 
individual planning levels, VPL, and the predicted total harmonic voltage distortion, THDVp is 
lower than the planning level for total harmonic distortion, THDVPL, then the connection is 
compliant and is permitted.  
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21 Worked Example 19 


Table E29 — Connection data for Worked Example 19 


Example Equipment Rating 


kVA 


Rating 


A 


No. of 
phases 


Harmonic 
statement 


PCC 
voltage 


Service 
current 


capacity 


(ISCC) 


Final 
stage 


19 Kiln 7.4 32.17 1 Current 
emission data 


available 


LV < 100 A 2C 
via 
1C 


 


The following additional data has been supplied for this connection: 


• Whole current metering is used. 


• Single-phase fault level = 176.33 kVA. 


• X1/R1 = 1.1. 
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21.1 Step 1 


 


Figure E64 — Step 1 for Worked Example 19 


 
  


Start


LV PCC?


Stage 1


Connection to 
network


Pass Stage 
1A?


Pass Stage 
1B?


Pass Stage 
1C?


Pass Stage 
1D?


Stage 2C


Y


N


N


N


N


Y


Y


Y


PCC <  33 kV?


Stage 2


Y


Stage 3


NN


Y
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21.2 Step 2 


 


Figure E65 — Step 2 for Worked Example 19 


 
  


Stage 1A


Connection to 
network


Stage 1B


Equipment 
compliant with 


IEC 61000-3-2?
(see NOTE 1 
and NOTE 2) N


Y
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21.3 Step 3 


 


Figure E66 — Step 3 for Worked Example 19 


 


The connectee has provided current emission data in place of a compliance statement, so 
we progress to Step 4, which follows the Stage 1C process. 


 
  


Stage 1B


Iequ      A for each item?


Stage 1C


SSC PCC    
SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
network


Y


N


Manufacturer provides 
statement 2 compliance for any 


item?


Determine 
SSC PCC Min with 


Equation 9


Determine SSC PCC Min 
with Table 18 & 


Equation 8


For all 
equipment, manufacturer 


provides statement 1 
or statement 2 (see 7.3.2) compliance 


with IEC 61000-3-12?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y
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21.4 Step 4 


 


Figure E67 — Step 4 for Worked Example 19 


The equipment is neither specified as a three-phase six-pulse converter, three-phase twelve-
pulse converter, three-phase active-front-end converter nor single-phase rectifier technology 
– nor is it a mixture of these types – so we progress to Step 6, which follows the Stage 2C 
process. 


Stage 1C


Either 3-ph 
6-pulse converters 


only, or 3-ph active-front-end converters 
only, or 3-ph 12-pulse converters only, or 


1-ph rectifiers only?


Stage 2C


Determine 
 Sequ permitted with 


Table 19 & Equation 11
SSC PCC


 Sequ   
 Sequ permitted


?


Connection to 
network


Stage 1D-2


Y


N


Mix of 3-ph 
6-pulse converters and


active-front-end converters only?
N


Sequ i
Calculate  Sequ 


with Equation 10


Determine 
SSC PCC Min with 
Equation 12


Sequ j, Sequ k


SSC PCC Determine SSC PCC


SSC PCC   
SSC PCC Min?


Y


N


Stage 1C-1 Stage 1C-2


Y


Y


Stage 1D-1


N
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21.5 Step 5 


 


Figure E68 — Steps 5 to 10 for Worked Example 19 


 


The three-phase short-circuit power at the PCC was given for this example as 
SSC PCC = 176.33 kVA. 


  


Stage 2C


Calculate Zh at 
the PCC


Calculate Vh c at 
the PCC


Calculate Vh p 
and THDVp at 


the PCC


Vh p   Vh PL 


and
THDVp   THDV PL?


Connection to 
network


SSC PCC


Ih


Vh m


Y


N LV PCC?


No connection 
possible without 


mitigation
Stage 3


Y N
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21.6 Step 6 


The connectee and DNO assemble the following harmonic current emission and background 
harmonic level data. 


Table E30 — Harmonic current emission data at the PCC from the manufacturer for 
Worked Example 19 


Harmonic 
order 


(h) 


Manufacturer’s stated 
harmonic current emission 


A 


2 2.51 


3 6.77 


4 1.25 


5 3.36 


6 0.84 


7 2.26 


8 0.63 


9 1.19 


10 0.50 


11 0.97 


12 0.42 


13 0.63 


> 13 0.00 
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The DNO provided the following measured background harmonic levels: 


Table E31 — Background harmonic levels at the PCC from the DNO for Worked 
Example 19 


Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


 Harmonic 
order 


(h) 


Harmonic 
voltage 


% h = 1 


2 0.06   27 0.20  


3 0.99   28 0.01  


4 0.05   29 0.20  


5 3.00   30 0.01  


6 0.02   31 0.20  


7 0.79   32 0.01  


8 0.02   33 0.20  


9 0.31   34 0.01  


10 0.01   35 0.20  


11 0.30   36 0.01  


12 0.01   37 0.20  


13 0.32   38 0.01  


14 0.01   39 0.20  


15 0.01   40 0.01  


16 0.01   41 0.20  


17 0.20   42 0.01  


18 0.01   43 0.20  


19 0.20   44 0.01  


20 0.01   45 0.20  


21 0.20   46 0.01  


22 0.01   47 0.20  


23 0.20   48 0.01  


24 0.01   49 0.20  


25 0.20   50 0.01  


26 0.01   THDVm 2.22  


NOTE: The equipment to connect is single phase and so the measured values must also be single phase. 
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21.7 Step 7 


We are given the X/R ratio and so we do not need to explicitly calculate the harmonic 
impedance and can instead use the X/R ratio directly with Equation 39 – the single-phase 
version of Equation 35 – that is reproduced and solved below for the example of the 12th 
harmonic. 


  Vh c = 


100 IhVphase
√h + k2h2 (


X1


R1


)
2


SSC 1ph
√1 + (


X1


R1


)
2


 (29) 


From Table 22: 


• k = 0.5 for h = 12 for 400 V phase–phase connection, which corresponds to 
230 V phase–neutral. 


V12 c = 
100 (0.42 A) (230 V)√12 + (0.5


2
) (12


2
) (1.1


2
)


176.33 kVA√1 + (1.1
2
)


 


V12 C = 72.0043 kVA / 262.1334 kVA = 0.2747%. 


21.8 Step 8 


We know that the measured 12th harmonic level is 0.01%, so we must now aggregate the 
measured 12th harmonic voltage with the incremental – using the appropriate aggregation 
exponent (α) from Table 16 – to find the predicted harmonic voltage distortion (Vh p). 


From Table 16 for h = 12: 


• α = 2. 


Using Equation 7 in Section 6.3.3 of EREC G5: 


Vh p= √Vh c
∝ + Vh m


∝∝


 = √0.27472 + 0.012
2


 = √0.07545 + 0.0001
2


 = 0.2749%. 
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21.9 Step 9 


A spreadsheet is used to solve for all individual harmonic orders (Vh p) and for the total 
harmonic voltage distortion (THDVp).  


Table E32 — Harmonic compliance assessment table for Worked Example 19 


Harmonic 
order (h) 


Ih at 
400 V,  


 
A 


k Vh c at 
PCC, 


  
% h = 1 


Vh m at PCC,  
 
 


% h = 1 


α Vh p  
at PCC,  


 
% h = 1 


Vh PL  
at PCC,  


 
% h = 1 


Pass/ 
Fail 


2 2.51 1 0.576 0.060 1 0.636 1.600 Pass 


3 6.77 1 2.215 0.990 1 3.205 4.000 Pass 


4 1.25 1 0.532 0.050 1 0.582 1.000 Pass 


5 3.36 1 1.748 3.000 1.4 3.949 4.000 Pass 


6 0.84 1 0.516 0.020 1.4 0.520 0.500 Fail 


7 2.26 1 1.613 0.790 1.4 2.018 4.000 Pass 


8 0.63 0.5 0.288 0.020 1.4 0.293 0.400 Pass 


9 1.19 0.5 0.605 0.310 1.4 0.766 1.200 Pass 


10 0.50 0.5 0.279 0.010 1.4 0.281 0.400 Pass 


11 0.97 0.5 0.588 0.300 2 0.660 3.000 Pass 


12 0.42 0.5 0.275 0.010 2 0.274 0.200 Fail 


13 0.63 0.5 0.441 0.320 2 0.545 2.500 Pass 


14 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


15 0.00 0.5 0.000 0.010 2 0.010 0.500 Pass 


16 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


17 0.00 0.5 0.000 0.200 2 0.200 1.600 Pass 


18 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


19 0.00 0.5 0.000 0.200 2 0.200 1.500 Pass 


20 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


21 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


22 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


23 0.00 0.5 0.000 0.200 2 0.200 1.200 Pass 


24 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


25 0.00 0.5 0.000 0.200 2 0.200 1.000 Pass 


26 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


27 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


28 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


29 0.00 0.5 0.000 0.200 2 0.200 0.862 Pass 


30 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


31 0.00 0.5 0.000 0.200 2 0.200 0.806 Pass 
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32 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


33 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


34 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


35 0.00 0.5 0.000 0.200 2 0.200 0.714 Pass 


36 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


37 0.00 0.5 0.000 0.200 2 0.200 0.676 Pass 


38 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


39 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


40 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


41 0.00 0.5 0.000 0.200 2 0.200 0.610 Pass 


42 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


43 0.00 0.5 0.000 0.200 2 0.200 0.581 Pass 


44 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


45 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


46 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


47 0.00 0.5 0.000 0.200 2 0.200 0.532 Pass 


48 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


49 0.00 0.5 0.000 0.200 2 0.200 0.510 Pass 


50 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


                  
THD       THDVm = 2.22   THDVp = 5.761 THDVPL = 5 Fail 


21.10 Step 10 


Two individual harmonic orders, V6 p = 0.520% and V12 p = 0.275%, are predicted to reach 
non-compliant levels (levels greater than the relevant planning levels of 0.5% and 0.2% 
respectively) following connection of the proposed equipment.  


In addition, the predicted THDVp level is 5.761%, which is also above the planning level for 
THD, THDVPL, of 5%. 


Note that the measured values of Vh m and THDVm are below the planning levels, Vh PL and 
THDVPL, so there is not a pre-existing problem. 


Since the PCC is LV, this analysis indicates that no connection is possible without mitigation.  
Reinforcement of the network may also be considered. 






image8.emf
G5 worked examples  rev8.pdf


G5 worked examples rev8.pdf


G5/5 Worked Examples 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Curren
t 
Capacit
y 


Final 
Stage 


1 Heat Pump 3.0 13.04 1 IEC 61000-3-2 
compliant 


LV <100A 1A 


2 2 off Heat 
Pump 


1 x 3.0 13.04 1 IEC 61000-3-2 
compliant 


LV <100A 1A 


1 x 3.0 13.04 1 IEC 61000-3-2 
compliant 


3 Heat Pump 9.2 40A 1 IEC 61000-3-12 
compliant 


LV <100A 1B-1 


4 2 off Heat 
Pump 


10 
 


14.43 3 IEC 61000-3-12 
compliant 


LV ≥100A 1B-1 


34 49.07 3 IEC 61000-3-12 
compliant 


5 EV Charge-
point 


7.36 32 1 None LV <100A 1B-1 


6 EV Rapid DC 
Output 
(Mode 4) 
Charger 


50 72.17 3 IEC 61000-3-12 
compliant 
subject to SSC 


MIN = 2.0MVA. 


LV ≥100A 1B-2 


EV Charge-
point 
 


22 32.00 3 IEC 61000-3-12 
compliant 


7 Active Front-
end Motor 
Drive 


70 101.04 3 - LV ≥100A 1C-1 


8 Rectifier 4 17.39 1 None LV <100A 1C-1 


9 6-Pulse 
AC/DC Motor 
Drive 


20 28.87 3 - LV ≥100A 1C-2 


Active Front-
end Motor 
Drive 


70 101.04 3 - 


10 Active Front-
end Motor 
Drive 


104 150 3 - LV ≥100A 1D-1 


11 6-Pulse 
AC/DC Motor 
Drive 


20 28.87 3 - LV ≥100A 1D-2 


Active Front-
end Motor 
Drive 


70 101.04 3 - 


12 6-Pulse 
AC/DC Motor 
Drives 


50 72.17 3 - 11kV - 2A-1 


30 43.30 3 - 


13 6-Pulse 2x 50 2x72.17 3 - 11kV - 2A-2 







AC/DC Motor 
Drive 


  


Active Front-
end Motor 
Drive 


1x 
200 


1x288.68 3 - 


14 6-Pulse 
AC/DC Motor 
Drives 


2x 50 2x72.17 3 - 11kV - 2B-1 


1x 30 1x43.30 3 - 


15 6-Pulse 
AC/DC Motor 
Drive 


100 144.34 3 - 11kV - 2B-2 


Active Front-
end Motor 
Drive 


500 721.69 3 - 


16 6-pulse 
Motor Drive 


80 115.47 3 Current 
emission data 
available 


LV - 2C 
via 
1D-1 


17 6-Pulse 
AC/DC Motor 
Drives 


1x 
100 
 


1 x 
144.34 
 


3 Current 
emission data 
available 


6.6kV - 2C 


5x 20 5 x 28.87 3 Current 
emission data 
available 


18 Professional 
Equipment 


12 17.32 3 Current 
emission data 
available 


LV <100A 2C 
via 
1C 


19 Kiln 7.4 32.17 1 Current 
emission data 
available 


LV <100A 2C 
via 
1C 


 


  







Example 1 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Equipment 
Phases 


Harmonic 
Statement 


PCC Final 
Stage 


1 Heat Pump 3.0 13.04 1 IEC 61000-3-2 
compliant 


LV 1A 


 


Step 1 


 


 


 


 


 







Step 2 


 


 


Equipment IEC 61000-3-2 compliant → Connec�on to Network. 


  







Example 2 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic Statement PCC Final 
Stage 


2 2 off Heat Pump 1 x 3.0 13.04 1 IEC 61000-3-2 compliant LV 1A 


1 x 3.0 13.04 1 IEC 61000-3-2 compliant 


 


Step 1 


 


  







Step 2 


 


 


Two items, each IEC 61000-3-2 compliant → Connection to Network. 


 


  







Example 3 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


3 Heat Pump 9.2 40 1 IEC 61000-3-12 
compliant 


LV <100A 1B-1 


 


Additional data: 


 Whole current metering. 


 1-phase source impedance at PCC = 0.18 ohm. 


Step 1 


 


  







Step 2 


 


  







Step 3 


Iequ 1 = 40A→ Iequ ≤ 75A. 


Step 4 & 5 


One item with manufacturer’s statement: “Equipment complying with IEC 61000-3-12”. 


No “Equipment complying with IEC 61000-3-12 subject to SSC Min ≥X kVA”. 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


Step 6 


Determine SSC PCC Min: 


 Whole current metering → Service Current Capacity <100A → ISCC <100A. 







From Table 2 for M=1: 


FSCE Min = 29.050 and α = 2. 


Sequ 1 = 9.2kVA  


From Equation 1: 


 ���	���	��� =
����	��� �∑ ����	�


∝�
�=1


∝


1000
= 	


��.��� √�.��
2


1000
= 0.267���. 


Step 7 


We calculate the 1-phase SSC PCC from the 1-phase source impedance at the PCC using  


SSC PCC =Vphase
2/Zsource 1-ph where Vphase = phase voltage and Zsource 1-ph = 1-phase source 


impedance 


SSC PCC =(230V)2/0.18Ω = 0.294MVA. 


Step 8 


As 0.294MVA > 0.267MVA then SSC PCC ≥ SSC PCC Min is satisfied → Compliant → Connec�on to Network. 







Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Example 4 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


4 2 off Heat 
Pump 


10 
 


14.43 3 IEC 61000-3-12 
compliant 


LV ≥100A 1B-1 


34 49.07 3 IEC 61000-3-12 
compliant 


 


Additional data: 


 Current transformer (CT) metered. 


 3-phase source impedance at PCC = 0.15 ohm. 


Step 1 


 







 


Step 2 


 


 


  







Step 3 


Iequ 1 = 14.43A → Iequ ≤ 75A 


Iequ 2 = 49.07A → Iequ ≤ 75A.  


Step 4 & 5 


Two items with manufacturer’s statement: “Equipment complying with IEC 61000-3-12”. 


No “Equipment complying with IEC 61000-3-12 subject to SSC Min ≥X kVA”. 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


Step 6 


Determine SSC PCC Min with Table 2 and Equation 1: 







CT metering → Service Current Capacity ≥100A → ISCC ≥100A. 


From Table 2 for M=2: 


FSCE Min = 24.224 and α = 2. 


Sequ 1 = 10kVA, Sequ 2 = 34kVA 


From Equation 1: 


���	���	��� =
����	��� �∑ ����	�


∝�
�=1


∝


1000
= 	


��.��� √�������
2


1000
= 0.8585���. 


Step 7 


We calculate the 3-phase SSC at the PCC from the 3-phase source impedance at the PCC using  


SSC PCC =VS
2/Zsource 3-ph where Vs = line voltage and Zsource 3-ph = 3-phase source impedance 


SSC =400V2/0.15Ω = 1.067MVA. 


Step 8 


As 1.067MVA > 0.85855MVA then SSC PCC ≥ SSC PCC Min is satisfied → Compliant → Connec�on to 


Network. 


 







Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 







 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


5 EV Charge-
point 


7.36 32 1 None LV <100A 1B-1 


 
Additional data: 
 


 Whole current metering. 


 Single-phase source impedance at PCC = 0.26 Ω = 0.233+j0.116 Ω 


 Connection already made under ENA Connect and Notify procedure. 
 
Step 1 


 
  







Step 2 
 


 
 
 
  







Step 3 
 
Iequ = 32A → Iequ ≤ 75A. 


 
Step 4 
 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


  
 
As the charger is on-board the electric vehicle and the electric vehicle connected to the charge-point 
may vary it is not possible to know the harmonic emission as the vehicle may change.  EMC 
Regulation 10 and EN 61851-21 refer to EN 61000-3-2 and EN 61000-3-12 standards.  For a 32A 
rated charge-point we may assume the prospective on-board chargers are all compliant with the 
limits in EN 61000-3-12 relating to Rsce = 33, in the absence of other information.  Consequently, the 
corresponding manufacturer’s statement would be ‘Equipment complying with IEC 61000-3-12’. 
 







No “Equipment complying with IEC 61000-3-12 subject to SSC Min ≥X kVA”. 


Determine SSC PCC Min with Table 3 and Equation 1: 


Whole current metering → Service Current Capacity <100A → ISCC <100A. 


From Table 2 for M = 1: 


FSCE Min = 29.050 and α = 2. 


Sequ =7.36kVA. 


Determine SSC PCC Min with Equation 1: 


���	���	��� =
����	��� �∑ ����	�


∝�
�=1


∝


1000
= 	


��.��� √�.���
2


1000
= 0.2138���. 


Step 5 


We calculate the 1-phase SSC at the PCC from the 1-phase source impedance at the PCC using  


SSC PCC =Vphase
2/Zsource 1-ph where Vs = phase-neutral voltage and Zsource 1-ph = 1-phase source 


impedance 


SSC =230V2/0.26Ω = 203462 VA = 0.203462 MVA. 


Step 6 


As 0.203462 MVA<0.2138 MVA then SSC PCC > SSC PCC Min is not satisfied →Take account of X/R ra�o 


correction: 


Whole current metering → Service Current Capacity <100A → ISCC <100A → See Table B1. 


M = 1 


Source impedance = 0.26 Ω = 0.233+j0.116 Ω 


X/R ratio = 0.116/0.233 = 0.498 → mul�plier = 0.947.  


 


  Multiplier 


M X/R = 
0.5 


X/R = 
0.6 


X/R = 
0.625 


X/R = 
0.7 


X/R = 
0.8 


X/R = 
0.9 


X/R = 
1.0 


X/R = 
1.1 


X/R = 
1.2 


X/R = 
1.3 


X/R = 
1.4 


X/R = 
1.5 


1 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


2 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


3 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


4 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


5 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


6 0.912 0.983 1.000 1.049 1.108 1.160 1.206 1.247 1.282 1.312 1.339 1.362 


7 0.912 0.983 1.000 1.049 1.108 1.160 1.206 1.247 1.282 1.312 1.339 1.362 


8 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 







9 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


10 0.947 0.990 1.000 1.030 1.068 1.102 1.132 1.158 1.182 1.202 1.220 1.236 


Table B1 – Multiplier for ISCC <100A 


→ SSC Min
’ = 0.947 SSC Min = 0.947 x 0.2138MVA = 0.2025MVA. 


As 0.203462 MVA > 0.2025MVA then SSC PCC ≥ SSC Min is satisfied → Connec�on to Network. 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Example 6 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


6 EV Rapid DC 
Output (Mode 
4) Charger 


50 72.17 3 IEC 61000-3-12 
compliant 
subject to SSC MIN 


= 2.0MVA. 


LV ≥100A 1B-2 


EV Charge-
point 


22 32.00 3 IEC 61000-3-12 
compliant 


 


Additional data: 


 Current transformer (CT) metered. 


 SSC PCC = 3.05 MVA. 







Step 1


 


 


  







Step 2 


 


  







Step 3 


Iequ 1 = 72.17A → Iequ ≤ 75A. 


Iequ 2 = 32.00A → Iequ ≤ 75A. 


Step 4 & 5 


One item with manufacturer’s statement: “Equipment complying with IEC 61000-3-12 subject to SSC 


Min ≥2.0 MVA”. 


One item with manufacturer’s statement: “Equipment complying with IEC 61000-3-12”. 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


Step 6 







Determine SSC PCC Min with Equation 2: 


From Equation 2: 


Manufacturer states “Equipment complying with IEC 61000-3-12 subject to SSC MIN = 2.0MVA” for one 


item. 


→ N=1  


→ SSC Min 1  = 2.0MVA. 


→ ∑ ���	���	�
�
���  = 2.0MVA 


Manufacturer states “Equipment complying with IEC 61000-3-12” for one item. 


→ M = 1 → 33∑ �����	�
�
���  = 33 x 22 kVA = 726kVA = 0.726MVA. 


���	���	��� = ∑ ���	���	�
�
��� + 33∑ �����	�


�
���  = 2.0MVA + 0.726MVA = 2.726MVA. 


Step 7 


SSC PCC = 3.05MVA. 


Step 8 


As 3.05MVA>2.726MVA then SSC PCC > SSC PCC Min → Connec�on to Network. 







Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Example 7 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


7 Active Front-
end Motor 
Drive 


70 101.04 3 - LV ≥100A 1C-1 


 


Additional data: 


 CT metering. 


 SSC PCC = 5.1 MVA. 


Step 1 


 


  







Step 2 


 


  







Step 3 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Step 4 


 


SSC PCC = 5.1MVA 


∑Sequ = 70kVA 


From Table 3:  


∑Sequ permitted @ reference Ssc = 192kVA 


From Equation 4: 


∑Sequ permitted = SSC PCC (∑Sequ permitted @ reference Ssc)/SSC Reference 


Substituting values gives: 


∑Sequ permitted = 5.1MVA (192kVA)/10MVA = 97.92 kVA. 


As 70kVA < 97.92kVA, ∑Sequ < ∑Sequ permitted  → Connec�on to Network. 







Example 8 
 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


8 Rectifier 4 17.39 1 None LV <100A 1C-1 


 
Additional data: 
 


 Whole current metering. 


 Single-phase source impedance at PCC = 0.03301 ohm (NB PCC @ secondary terminals of 
100kVA 1-phase transformer. 


 
Step 1 


 
  







Step 2 
 


 
 
 
  







Step 3 
 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 
 
Step 4 
 
SSC PCC = Vphase


2/Zsource phase-neutral = (230V)2/0.03301Ω = 1.6025MVA 


∑Sequ = 4kVA 


From Table 3:  


∑Sequ permitted @ reference Ssc = 7.4kVA 


From Equation 4: 







∑Sequ permitted = SSC PCC (∑Sequ permitted @ reference Ssc)/SSC Reference 


Substituting values gives: 


∑Sequ permitted = 1.6025MVA (7.4kVA)/2MVA = 5.929kVA. 


As 4kVA < 5.929kVA, ∑Sequ < ∑Sequ permitted  → Connec�on to Network. 


 


 


  







Example 9 


9 6-Pulse 
AC/DC Motor 
Drive 


20 28.87 3 - LV ≥100A 1C-2 


Active Front-
end Motor 
Drive 


70 101.04 3 - 


 


Additional data: 


 CT metering. 


 SSC PCC = 13.1 MVA. 


Step 1 


 


  







Step 2 


 


  







Step 3 


The rating of one item exceeds 75A → Stage 1C. 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Step 4 


 


SSC PCC = 13.1MVA 


Determine SSC PCC Min with Equation 5: 


From Equation 5: 


1 off 6-pulse converter 


→ J=1  


→ Sequ 1  = 20kVA. 


→ ∑ �����
�
���  = 20kVA 


1 off active front-end converter 


→ K=1  







→ Sequ 1  = 70kVA. 


→ ∑ �����
�
���  = 70kVA 


→���	���	��� = 459.977∑ �����
�
��� 	+ 52.170∑ �����


�
��� = (459.977	x	20) + (52.170	x	70)kVA 


→ ���	���	��� = 9199.54kVA + 3651.90kVA = 	12851.44	kVA = 	12.85	MVA 


As 13.1 MVA > 12.85 MVA, SSC PCC > SSC PCC Min  → Connec�on to Network. 


  







Example 10 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


10 Active Front-
end Motor 
Drive 


104 150 3 - LV ≥100A 1D-1 


 


Additional data: 


 CT metering. 


 SSC PCC = 5.1 MVA. 


 V5m = 1.53%. 


 V5PL = 4.0%. 


Step 1 


 


  







Step 2 


 


  







Step 3 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Step 4 


 


SSC PCC = 5.1MVA 


∑Sequ = 104kVA 


From Table 3:  


∑ Sequ permitted @ reference Ssc = 192kVA 


From Equation 4: 


∑Sequ permitted = SSC PCC (∑Sequ permitted @ reference Ssc)/SSC Reference 


Substituting values gives: 


∑Sequ permitted = 5.1MVA (192kVA)/10MVA = 97.92kVA. 


As 104kVA > 97.92kVA, ∑Sequ > ∑Sequ permitted  → Stage 1D-1. 







Step 5 


 


 


SSC PCC = 5.1MVA 


∑Sequ = 104kVA 


V5PL = 4.0% 


V5m = 1.43% 


∑ Sequ permitted @ reference Ssc = 192kVA 


From Equation 7: 


��	�������� = ���� − ��� = 4.0%-1.43% = 2.57%     


    


From Equation 6: 


∑ Sequ permitted = 
���	���


�����


��	��������


�.������
∑ ����	���������	@	���������	���  


= 
�.����


�����


�.��%


�.��	�	�.�%
192��� = 251.7kVA 


As 104kVA < 251.7kVA, ∑Sequ < ∑Sequ permitted  → Connec�on to Network. 


  







Example 11 


 


11 6-Pulse 
AC/DC Motor 
Drive 


20 28.87 3 - LV ≥100A 1D-2 


Active Front-
end Motor 
Drive 


70 101.04 3 - 


 


Additional data: 


 CT metering. 


 SSC PCC = 6.0 MVA. 


 V5m = 1.53%. 


 V5PL = 4.0%. 







Step 1


 


  







Step 2 


 


  







Step 3 


The rating of one item exceeds 75A → Stage 1C. 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Step 4 


 


SSC PCC = 6.0 MVA 


Determine SSC PCC Min with Equation 5: 


From Equation 5: 


1 off 6-pulse converter 


→ J=1  


→ Sequ 1  = 20kVA. 


→ ∑ �����
�
���  = 20kVA 


1 off active front-end converter 


→ K=1  







→ Sequ 1  = 70kVA. 


→ ∑ �����
�
���  = 70kVA 


→���	���	��� = 459.977∑ �����
�
��� 	+ 52.170∑ �����


�
��� = (459.977	x	20) + (52.170	x	70) 


→ ���	���	��� = 9199.54	kVA	 + 3651.90	kVA	 = 	12851.44	kVA = 12.85	MVA 


As 6.0 MVA < 12.85 MVA, SSC PCC < SSC PCC Min  → Stage 1D-2. 


 


Step 5 


From Equation 13: 


��	�������� = ���� − ��� = 4.0%-1.43% = 2.57% 


From Equation 12: 







→ ���	���	��� =
459.977∑ �����


�
��� 	+ 52.170∑ �����


�
���


��	��������%
= 	


(459.977	x	20) + (52.170	x	70)


2.57
 


→ ���	���	��� = 1250.18	kVA/2.57 = 	5.0	MVA  


As 6.0 MVA > 5.0 MVA, SSC PCC > SSC PCC Min  → Connection to Network. 


 


  







Example 12 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


12 6-Pulse 
AC/DC Motor 
Drives 


50 72.17 3 - 11kV - 2A-1 


30 43.30 3 - 


 


Additional data: 


 SSC PCC = 100 MVA. 


Step 1 


 


  







Step 2 


 


SSC PCC = 100MVA 


∑Sequ = 50kVA + 30kVA = 80kVA 


From Table 4:  


∑Sequ permitted 60MVA = 76kVA 


From Equation 15: 


∑Sequ permitted = SSC PCC (∑Sequ permitted 60MVA)/60MVA 


Substituting values gives: 


∑Sequ permitted = 100MVA (76kVA)/60MVA = 126.7kVA. 







As 80kVA < 126.7kVA, ∑Sequ ≤ ∑Sequ permitted  → Connection to Network. 


  







Example 13 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


13 6-Pulse 
AC/DC Motor 
Drive 


2x 50 
 


2x72.17 
 


3 - 11kV - 2A-2 


Active Front-
end Motor 
Drive 


1x 
200 


1x288.68 3 - 


 


Additional data: 


 SSC PCC = 100 MVA. 


Step 1 


 


  







Step 2 


 


SSC PCC = 100MVA 


Determine SSC PCC Min with Equation 16: 


From Equation 16: 


2 off 6-pulse converter 


→ J=2  


→ Sequ 1  = Sequ 2  = 50kVA. 


→ ∑ �����
�
���  = 50kVA + 50kVA = 100kVA 


1 off active front-end converter 







→ K=1  


→ Sequ 1  = 200kVA. 


→ ∑ �����
�
���  = 200kVA 


→���	���	��� = 785.962∑ �����
�
��� + 89.143	∑ �����


�
���  = (785.962 x 100kVA) + (89.143 x 200kVA) 


→���	���	��� = 18,614.56 kVA = 18.615 MVA 


As 100MVA > 18.615 MVA, SSC PCC > SSC PCC Min  → Connection to Network.  







Example 14 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


14 6-Pulse 
AC/DC Motor 
Drives 


2x 50 
 


2x72.17 
 


3 - 11kV - 2B-1 


1x 30 1x43.30 3 - 


 


Additional data: 


 SSC PCC = 100 MVA. 


 V5m = 1.5% 


 V5PL = 3.0% 


Step 1 


 


  







Step 2 


 


SSC PCC = 100MVA 


∑Sequ = (2 x 50kVA) + 30kVA = 130kVA 


From Table 4:  


∑Sequ permitted 60MVA = 76kVA 


From Equation 15: 


∑Sequ permitted = SSC PCC (∑Sequ permitted 60MVA)/60MVA 


Substituting values gives: 


∑Sequ permitted = 100MVA (76kVA)/60MVA = 126.7kVA. 







As 130kVA > 126.7kVA, ∑Sequ > ∑Sequ permitted  → Stage 2B-1. 


Step 3 


 


 


SSC PCC = 100MVA 


∑Sequ = 130kVA 


V5PL = 3.0% 


V5m = 1.5% 


∑Sequ permitted@ 60MVA reference Ssc = 76kVA 


From Equation 18: 


��	�������� = ���� − ��� = 3.0% - 1.5% = 1.5%      


   


From Equation 17: 


∑ Sequ permitted =
���	���


�����


��	��������


�.������
∑ ����	���������	@	�����	���������	��� =


 
������


�����


�.�%


�.��	�	�.�%
72	kVA = 240 kVA 







As 130 kVA < 240 kVA, ∑Sequ < ∑Sequ permitted  → Connec�on to Network. 







Example 15 


15 6-Pulse 
AC/DC Motor 
Drive 


100 144.34 3 - 11kV - 2B-2 


Active Front-
end Motor 
Drive 


500 721.69 3 - 


 


Additional data: 


 SSC PCC = 62 MVA. 


 V5m = 1.5% 


 V5PL = 3.0% 


 


Step 1 


 


Step 2 


Mix of 6-pulse and active front-end technology → Stage 2A-2 


SSC PCC = 62 MVA 


Determine SSC PCC Min with Equation 16: 


From Equation 16: 


1 off 6-pulse converter 


→ J=1  


→ Sequ 1  = 100kVA. 


→ ∑ �����
�
���  = 100kVA 


1 off active front-end converter 







→ K=1  


→ Sequ 1  = 500kVA. 


→ ∑ �����
�
���  = 500kVA 


→���	���	��� = 785.962∑ �����
�
��� 	+ 89.143∑ �����


�
��� = (785.962	x	100) + (89.143	x	500) 


→ ���	���	��� = 78596.2	kVA	 + 44571.5	kVA	 = 123167.7	kVA = 123.168	MVA 


As 62 MVA < 123.168 MVA, SSC PCC < SSC PCC Min  → Stage 2B-2. 


 


  







Step 3 


From Equation 22: 


��	�������� = ���� − ��� = 3.0%-1.50% = 1.50% 


From Equation 21: 


→ ���	���	��� =
589.472∑ �����


�
��� 	+ 66.857∑ �����


�
���


��	��������%
= 	


(589.472	x	100) + (66.857	x	500)


1.50
 


→ ���	���	��� = 92375.7	kVA/1.50 = 	61.583	MVA  


As 62.0 MVA > 61.583 MVA, SSC PCC > SSC PCC Min  → Connec�on to Network. 


  







Example 16 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


16 6-pulse 
Motor Drive 


80 115.47 3 Current 
emission data 
available 


LV ≥100A 2C 
via 
1D-1 


 


Additional data: 


 CT metering 


 SSC PCC = 5.1 MVA 


 X1/R1 = 1.1 


 V5m = 1.53% 


 V5PL = 4.0%. 


  







Step 1 


 


  







Step 2 


 


 


  







Step 3 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Step 4 


 


 


SSC PCC = 5.1MVA 


∑Sequ = 80kVA 


From Table 3:  


∑Sequ permitted 10MVA = 22kVA 


From Equation 4: 


∑Sequ permitted = SSC PCC (∑Sequ permitted @ reference Ssc)/SSC Reference 


Substituting values gives: 


∑Sequ permitted = 5.1MVA (22kVA)/10MVA = 11.22kVA. 







As 80kVA > 11.22kVA, ∑Sequ > ∑Sequ permitted  → Stage 1D-1. 


  







Step 5 


 


SSC PCC = 5.1MVA 


∑Sequ = 80kVA 


V5PL = 4.0% 


V5m = 1.53% 


∑Sequ permitted 10MVA = 22kVA 


From Equation 7: 


��	�������� = ���� − ��� = 4.0% - 1.53% = 2.47%     


    


From Equation 6: 


∑ Sequ permitted =
���	���


�����


��	��������


�.������
∑ ����	���������	@	���������	��� = 


�.����


�����


�.��%


�.��	�	�.�%
22kVA = 


27.71kVA 


As 80kVA > 27.71kVA, ∑Sequ > ∑Sequ permitted  → Stage 2C. 


Step 6 


Current emission data provided by connectee: 







Harmonic, h Manufacturer’s Stated Current Emission (A) 


2 9.2 


3 0 


4 4.6 


5 12.3 


6 3.1 


7 8.2 


8 2.3 


9 0 


10 1.8 


11 3.5 


12 1.5 


13 2.3 


>13 0.0 


  


 


  







Background harmonic measurement data provided by DNO: 


Harmonic Vhm%@PCC 


2 0.06  


3 0.99  


4 0.05  


5 1.53  


6 0.02  


7 0.79  


8 0.02  


9 0.31  


10 0.01  


11 0.30  


12 0.01  


13 0.32  


14 0.01  


15 0.01  


16 0.01  


17 0.20  


18 0.01  


19 0.20  


20 0.01  


21 0.20  


22 0.01  


23 0.20  


24 0.01  


25 0.20  


26 0.01  


27 0.20  


28 0.01  


29 0.20  


30 0.01  


31 0.20  


32 0.01  


33 0.20  


34 0.01  


35 0.20  


36 0.01  


37 0.20  


38 0.01  


39 0.20  


40 0.01  


41 0.20  


42 0.01  


43 0.20  







44 0.01  


45 0.20  


46 0.01  


47 0.20  


48 0.01  


49 0.20  


50 0.01  


    


THD 2.22  


 


 


 







Under Stage 2C, Equation 29 is used to calculate the voltage distortion Vhc %.  Section 4.2.4 of EREC 


G5 is then used to combine background harmonic voltage distortion measurements, Vhm %, with 


Vhc% to give the predicted voltage distortion Vhp%. 


5th harmonic example: 


���%	 = 	


100	√3�����ℎ + ��ℎ� �
��
��
�
�


���	����1 + �
��
��
�
�


 


���%	 = 		
���	√�	�	��.��	�	�����������(�.�)�


�.�������(�.�)�
= 0.667%. 


���%	 =	1.53% 


��� = 	 ����
∝ + ���


∝∝
	 


α = 1.4 from Section 4.2.4 


���% = 	 ����%
∝ + ���%


∝∝ = 	 �0.667%�.� + 1.53�.�
�.�


= 1.858%. 


The use of a spreadsheet facilitates calculation.   







Harmonic 
h 


Ih (A) @ 
400V k 


Vhc% @ 
PCC 


Vhm % @ 
PCC α 


Vhp % 
@ PCC VhPL % 


Pass/ 
Fail 


2 9.20 1 0.220 0.060 1 0.280 1.600 Pass 


3 0.00 1 0.000 0.990 1 0.990 4.000 Pass 


4 4.60 1 0.203 0.050 1 0.253 1.000 Pass 


5 12.30 1 0.667 1.530 1.4 1.858 4.000 Pass 


6 3.10 1 0.199 0.020 1.4 0.205 0.500 Pass 


7 8.20 1 0.610 0.790 1.4 1.152 4.000 Pass 


8 2.30 0.5 0.110 0.020 1.4 0.117 0.400 Pass 


9 0.00 0.5 0.000 0.310 1.4 0.310 1.200 Pass 


10 1.80 0.5 0.104 0.010 1.4 0.107 0.400 Pass 


11 3.50 0.5 0.221 0.300 2 0.372 3.000 Pass 


12 1.50 0.5 0.102 0.010 2 0.103 0.200 Pass 


13 2.30 0.5 0.168 0.320 2 0.362 2.500 Pass 


14 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


15 0.00 0.5 0.000 0.010 2 0.010 0.300 Pass 


16 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


17 0.00 0.5 0.000 0.200 2 0.200 1.600 Pass 


18 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


19 0.00 0.5 0.000 0.200 2 0.200 1.500 Pass 


20 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


21 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


22 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


23 0.00 0.5 0.000 0.200 2 0.200 1.200 Pass 


24 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


25 0.00 0.5 0.000 0.200 2 0.200 1.000 Pass 


26 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


27 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


28 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


29 0.00 0.5 0.000 0.200 2 0.200 0.862 Pass 


30 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


31 0.00 0.5 0.000 0.200 2 0.200 0.806 Pass 


32 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


33 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


34 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


35 0.00 0.5 0.000 0.200 2 0.200 0.714 Pass 


36 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


37 0.00 0.5 0.000 0.200 2 0.200 0.676 Pass 


38 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


39 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


40 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


41 0.00 0.5 0.000 0.200 2 0.200 0.610 Pass 


42 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


43 0.00 0.5 0.000 0.200 2 0.200 0.581 Pass 







44 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


45 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


46 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


47 0.00 0.5 0.000 0.200 2 0.200 0.532 Pass 


48 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


49 0.00 0.5 0.000 0.200 2 0.200 0.510 Pass 


50 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


                  


THD       2.220   2.651 5.000 Pass 


 


Therefore Vhp < VhPL  and THDVp  < THDVPL → Connec�on to Network.  







 


Example 17 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


17 6-Pulse 
AC/DC Motor 
Drives 


1x 
100 
 


1 x 
144.34 
 


3 Current 
emission data 
available 


6.6kV - 2C 


5 x 20 5 x 28.87 3 Current 
emission data 
available 


 


Additional data: 


 SSC PCC = 61 MVA 


 X1/R1 = 8 


 V5m = 2.1% 


 V5PL = 3.0%. 


Step 1 


 


  







Step 2 


 


 


SSC PCC = 61MVA 


∑Sequ = 100kVA + (5 x 20kVA) = 200kVA 


From Table 5:  


∑Sequ permitted 60MVA = 76kVA 


From Equation 15: 


∑Sequ permitted = SSC PCC (∑Sequ permitted @ 60MVA reference Ssc)/60MVA 


Substituting values gives: 







∑Sequ permitted = 61MVA (76kVA)/60MVA = 77.27kVA. 


As 200kVA > 77.27kVA, ∑Sequ > ∑Sequ permitted  → Stage 2B-1. 


Step 3 


 


SSC PCC = 61MVA 


∑Sequ = 200kVA 


V5PL = 3.0% 


V5m = 2.1% 


∑Sequ permitted @ 60MVA reference Ssc = 76kVA 


From Equation 18: 


��	�������� = ���� − ��� = 3.0% - 2.1% = 0.7%      


   


From Equation 17: 


∑ Sequ permitted =
���	���


�����


��	��������


�.������
∑ ����	���������	@	�����	���������	��� =


 
�����


�����


�.�%


�.��	�	�.�%
76	kVA = 72.12 kVA 







As 200kVA > 72.12 kVA, ∑Sequ > ∑Sequ permitted  → Stage 2C 


Step 4 


Current emission data provided by connectee: 


 


For the group of 5 off 20kVA units the aggregate harmonic current emissions are conservatively 


calculated by linear addition because the units are identical.  The summation of these emissions with 


that from the larger 100kVA unit is done using the summation exponents detailed in Section 4.2.4 of 


EREC G5. The summated LV currents are converted to currents at 6.6kV by scaling using the 


6.6kV/433V transformer turns ratio of 433/6600.  As the transformer has a delta winding the triplen 


harmonics are ignored; balanced triplen currents are assumed giving negligible triplen currents at 


6.6kV. 


  







Background harmonic measurement data provided by DNO: 


Harmonic Vhm%@PCC 


1 - 


2 0.10  


3 0.50  


4 0.00  


5 2.10  


6 0.00  


7 1.20  


8 0.00  


9 0.00  


10 0.00  


11 0.40  


12 0.00  


13 0.30  


14 0.00  


15 0.00  


16 0.00  


17 0.00  


18 0.00  


19 0.00  


20 0.00  


21 0.00  


22 0.00  


23 0.00  


24 0.00  


25 0.00  


26 0.00  


27 0.00  


28 0.00  


29 0.00  


30 0.00  


31 0.00  


32 0.00  


33 0.00  


34 0.00  


35 0.00  


36 0.00  


37 0.00  


38 0.00  


39 0.00  


40 0.00  


41 0.00  


42 0.00  







43 0.00  


44 0.00  


45 0.00  


46 0.00  


47 0.00  


48 0.00  


49 0.00  


50 0.00  


    


THD 2.52  


 


 







Under Stage 2C, Equation 29 is used to calculate the voltage distortion Vhc %.  Section 4.2.4 of EREC 


G5 is then used to combine background harmonic voltage distortion measurements, Vhm %, with 


Vhc% to give the predicted voltage distortion Vhp%. 


5th harmonic example: 


���%	 = 	


100	√3�����ℎ + ��ℎ� �
��
��
�
�


���	����1 + �
��
��
�
�


 


���%	 = 	
���	√�	�	�.���	�	������������(�)�


��������(�)�
= 0.800%. 


 


���%	 =	2.10% 


��� = 	 ����
∝ + ���


∝∝
	 


α = 1.4 from Section 4.2.4 


���% = 	 ����%
∝ + ���%


∝∝ = 	 √0.800%�.� + 2.10�.�
�.�


= 2.475%. 


The use of a spreadsheet facilitates calculation…  







Harmonic 
h 


Ih (A) @ 
400V k 


Vhc% @ 
PCC 


Vhm % @ 
PCC α 


Vhp % @ 
PCC VhPL % 


Pass/ 
Fail 


2 0.00 2 0.000 0.100 1 0.100 1.500 Pass 


3 0.00 2 0.000 0.500 1 0.500 3.000 Pass 


4 0.00 2 0.000 0.000 1 0.000 1.000 Pass 


5 4.30 2 0.800 2.100 1.4 2.475 3.000 Pass 


6 0.00 2 0.000 0.000 1.4 0.000 0.500 Pass 


7 1.51 2 0.393 1.200 1.4 1.375 3.000 Pass 


8 0.00 2 0.000 0.000 1.4 0.000 0.400 Pass 


9 0.00 1 0.000 0.000 1.4 0.000 1.200 Pass 


10 0.00 1 0.000 0.000 1.4 0.000 0.400 Pass 


11 0.88 1 0.180 0.400 2 0.439 2.000 Pass 


12 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


13 0.51 1 0.123 0.300 2 0.324 2.000 Pass 


14 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


15 0.00 1 0.000 0.000 2 0.000 0.300 Pass 


16 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


17 0.41 1 0.130 0.000 2 0.130 1.600 Pass 


18 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


19 0.30 1 0.106 0.000 2 0.106 1.500 Pass 


20 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


21 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


22 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


23 0.21 1 0.090 0.000 2 0.090 1.200 Pass 


24 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


25 0.18 1 0.084 0.000 2 0.084 1.000 Pass 


26 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


27 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


28 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


29 0.12 1 0.065 0.000 2 0.065 0.862 Pass 


30 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


31 0.12 1 0.069 0.000 2 0.069 0.806 Pass 


32 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


33 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


34 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


35 0.08 1 0.052 0.000 2 0.052 0.714 Pass 


36 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


37 0.08 1 0.055 0.000 2 0.055 0.676 Pass 


38 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


39 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


40 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


41 0.06 1 0.046 0.000 2 0.046 0.610 Pass 


42 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


43 0.06 1 0.048 0.000 2 0.048 0.581 Pass 







44 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


45 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


46 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


47 0.04 1 0.035 0.000 2 0.035 0.532 Pass 


48 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


49 0.04 1 0.036 0.000 2 0.036 0.510 Pass 


50 0.00 1 0.000 0.000 2 0.000 0.200 Pass 


                  


THD       2.520   2.939 5.000 Pass 


 


Therefore Vhp < VhPL  and THDVp  < THDVPL → Connec�on to Network.  







Example 18 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


18 Professional 
Equipment 


12 17.32 3 Current 
emission data 
available 


LV <100A 2C 
via 
1C 


 


Additional data: 


 Whole current metering. 


 SSC PCC = 3.05 MVA, X1/R1 = 1.1. 


Step 1 


 


Step 2 







 


 


  







Step 3 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Step 4 


 


Step 5 


Current emission data provided by connectee: 


Harmonic, h Manufacturer’s Stated Current Emission (A) 


2 2.16 


3 4.60 


4 0.86 


5 2.28 


6 0.60 


7 1.54 


8 0.46 


9 0.80 


10 0.37 


11 0.66 


12 0.31 







13 0.42 


>13 0.00 


  


  







Background harmonic measurement data provided by DNO: 


Harmonic Vhm%@PCC 


2 0.06  


3 0.99  


4 0.05  


5 1.53  


6 0.02  


7 0.79  


8 0.02  


9 0.31  


10 0.01  


11 0.30  


12 0.01  


13 0.32  


14 0.01  


15 0.01  


16 0.01  


17 0.20  


18 0.01  


19 0.20  


20 0.01  


21 0.20  


22 0.01  


23 0.20  


24 0.01  


25 0.20  


26 0.01  


27 0.20  


28 0.01  


29 0.20  


30 0.01  


31 0.20  


32 0.01  


33 0.20  


34 0.01  


35 0.20  


36 0.01  


37 0.20  


38 0.01  


39 0.20  


40 0.01  


41 0.20  


42 0.01  


43 0.20  







44 0.01  


45 0.20  


46 0.01  


47 0.20  


48 0.01  


49 0.20  


50 0.01  


    


THD 2.22  


 


 


 


 







Under Stage 2C, Equation 29 is used to calculate the voltage distortion Vhc %.  Section 4.2.4 of EREC 


G5 is then used to combine background harmonic voltage distortion measurements, Vhm %, with 


Vhc% to give the predicted voltage distortion Vhp%. 


5th harmonic example: 


���%	 = 	
���	√���������


����
��
��
�
�


���	�������
��
��
�
� . 


���%	 = 		
100	√3	x	2.28�	x	400��5+ 1�5�(1.1)�


3.05����1 + (1.1)�
= 0.207% 


���%	 =	1.53% 


��� = 	 ����
∝ + ���


∝∝
	 


α = 1.4 from Section 4.2.4 


���% = 	 ����%
∝ + ���%


∝∝ = 	 �0.207%�.� + 1.53�.�
�.�


= 1.596%. 


 


The use of a spreadsheet facilitates calculation… 


Harmonic 
h 


Ih (A) @ 
400V k 


Vhc% @ 
PCC 


Vhm % @ 
PCC α 


Vhp % 
@ PCC VhPL % 


Pass/ 
Fail 


2 2.16 1 0.086 0.060 1 0.146 1.600 Pass 


3 4.16 1 0.237 0.990 1 1.227 4.000 Pass 


4 0.86 1 0.064 0.050 1 0.114 1.000 Pass 


5 2.28 1 0.207 1.530 1.4 1.596 4.000 Pass 


6 0.60 1 0.065 0.020 1.4 0.073 0.500 Pass 


7 1.54 1 0.192 0.790 1.4 0.866 4.000 Pass 


8 0.46 0.5 0.037 0.020 1.4 0.047 0.400 Pass 


9 0.80 0.5 0.071 0.310 1.4 0.338 1.200 Pass 


10 0.37 0.5 0.036 0.010 1.4 0.040 0.400 Pass 


11 0.66 0.5 0.070 0.300 2 0.308 3.000 Pass 


12 0.31 0.5 0.035 0.010 2 0.037 0.200 Pass 


13 0.42 0.5 0.051 0.320 2 0.324 2.500 Pass 


14 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


15 0.00 0.5 0.000 0.010 2 0.010 0.300 Pass 


16 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


17 0.00 0.5 0.000 0.200 2 0.200 1.600 Pass 


18 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


19 0.00 0.5 0.000 0.200 2 0.200 1.500 Pass 


20 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


21 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 







22 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


23 0.00 0.5 0.000 0.200 2 0.200 1.200 Pass 


24 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


25 0.00 0.5 0.000 0.200 2 0.200 1.000 Pass 


26 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


27 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


28 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


29 0.00 0.5 0.000 0.200 2 0.200 0.862 Pass 


30 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


31 0.00 0.5 0.000 0.200 2 0.200 0.806 Pass 


32 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


33 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


34 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


35 0.00 0.5 0.000 0.200 2 0.200 0.714 Pass 


36 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


37 0.00 0.5 0.000 0.200 2 0.200 0.676 Pass 


38 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


39 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


40 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


41 0.00 0.5 0.000 0.200 2 0.200 0.610 Pass 


42 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


43 0.00 0.5 0.000 0.200 2 0.200 0.581 Pass 


44 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


45 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


46 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


47 0.00 0.5 0.000 0.200 2 0.200 0.532 Pass 


48 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


49 0.00 0.5 0.000 0.200 2 0.200 0.510 Pass 


50 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


                  


THD       2.220   2.417 5.000 Pass 


 


Therefore Vhp < VhPL  and THDVp  < THDVPL → Connec�on to Network.  







 


THDVp  < THDVPL → Connec�on to Network.  







Example 19 


Example Equipment Rating 
(kVA) 


Rating 
(A) 


Phases Harmonic 
Statement 


PCC Service 
Current 
Capacity 


Final 
Stage 


19 Kiln 7.4 32.17 1 Current 
emission data 
available 


LV <100A 2C 
via 
1C 


 


Additional data: 


 Whole current metering 


 Single-phase fault level = 176.33 kVA, X1/R1 = 1.1. 


Step 1 


 


  







Step 2 


 


  







Step 3 


Stage 1B


Iequ≤75A for 
each item?


Stage 1C


SSC PCC≥ SSC PCC Min?


Determine SSC PCC SSC PCC


Connection to 
Network


Y


N


Manufacturer states 
‘Equipment complying with IEC 61000-
3-12 subject to SSC Min ≥X kVA’ for any 


item?


Determine SSC PCC Min


with Equation 2


Determine SSC PCC Min


with Table 2 & 
Equation 1


For all 
equipment Manufacturer states


‘Equipment complying with IEC 61000-3-12 subject to 
SSC Min ≥X kVA’ or ‘Equipment complying with 


IEC 61000-3-12’?


Y


Y


N


N


Stage 1B-1


Stage 1B-2


N


Y


 


  







Step 4 


 


  







Step 5 


 


 
 
SSC PCC = 176.33 kVA. 
 


Harmonic h Manufacturer’s Stated Current Emission (A) 


2 2.51 


3 6.77 


4 1.25 


5 3.36 


6 0.84 


7 2.26 







8 0.63 


9 1.19 


10 0.50 


11 0.97 


12 0.42 


13 0.63 


>13 0.00 


 
 
Background harmonic measurement data provided by DNO: 


Harmonic Vhm%@PCC 


2 0.06  


3 0.99  


4 0.05  


5 3.00  


6 0.02  


7 0.79  


8 0.02  


9 0.31  


10 0.01  


11 0.30  


12 0.01  


13 0.32  


14 0.01  


15 0.01  


16 0.01  


17 0.20  


18 0.01  


19 0.20  


20 0.01  


21 0.20  


22 0.01  


23 0.20  


24 0.01  


25 0.20  


26 0.01  


27 0.20  


28 0.01  


29 0.20  


30 0.01  


31 0.20  


32 0.01  


33 0.20  


34 0.01  







35 0.20  


36 0.01  


37 0.20  


38 0.01  


39 0.20  


40 0.01  


41 0.20  


42 0.01  


43 0.20  


44 0.01  


45 0.20  


46 0.01  


47 0.20  


48 0.01  


49 0.20  


50 0.01  


THD 2.22  


 
Note that as the equipment to connect is single-phase so the measured values must also be single-
phase. 
 
Under Stage 2C, Equation 33 is used to calculate the voltage distortion Vhc %.  Section 4.2.4 of EREC 


G5 is then used to combine background harmonic voltage distortion measurements, Vhm %, with 


Vhc% to give the predicted voltage distortion Vhp%. 


12th harmonic example: 


���%	 = 	


100	���������ℎ + ��ℎ� �
��
��
�
�


���	����1 + �
��
��
�
�


 


����%	 = 		
���		�	�.���	�	�������������(�.�)�


���.��	������(�.�)�
= 0.273%. 


����%	 =	0.010% 


��� = 	 ����
∝ + ���


∝∝
	 


α = 2 from Section 4.2.4 


����% =	 �����%
∝ + ����%


∝∝ = 	 �0.273%� + 0.010%��
= 0.274%. 


 
 
The use of a spreadsheet facilitates calculation… 







Harmonic 
h 


Ih (A) @ 
230V k 


Vhc% @ 
PCC 


Vhm % @ 
PCC α 


Vhp % 
@ PCC VhPL % Pass/Fail 


2 2.51 1 0.576 0.060 1 0.636 1.600 Pass 


3 6.77 1 2.215 0.990 1 3.205 4.000 Pass 


4 1.25 1 0.532 0.050 1 0.582 1.000 Pass 


5 3.36 1 1.748 3.000 1.4 3.949 4.000 Pass 


6 0.84 1 0.516 0.020 1.4 0.520 0.500 !! REFER!! 


7 2.26 1 1.613 0.790 1.4 2.018 4.000 Pass 


8 0.63 0.5 0.288 0.020 1.4 0.293 0.400 Pass 


9 1.19 0.5 0.605 0.310 1.4 0.766 1.200 Pass 


10 0.50 0.5 0.279 0.010 1.4 0.281 0.400 Pass 


11 0.97 0.5 0.588 0.300 2 0.660 3.000 Pass 


12 0.42 0.5 0.273 0.010 2 0.274 0.200 !! REFER!! 


13 0.63 0.5 0.441 0.320 2 0.545 2.500 Pass 


14 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


15 0.00 0.5 0.000 0.010 2 0.010 0.300 Pass 


16 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


17 0.00 0.5 0.000 0.200 2 0.200 1.600 Pass 


18 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


19 0.00 0.5 0.000 0.200 2 0.200 1.500 Pass 


20 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


21 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


22 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


23 0.00 0.5 0.000 0.200 2 0.200 1.200 Pass 


24 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


25 0.00 0.5 0.000 0.200 2 0.200 1.000 Pass 


26 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


27 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


28 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


29 0.00 0.5 0.000 0.200 2 0.200 0.862 Pass 


30 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


31 0.00 0.5 0.000 0.200 2 0.200 0.806 Pass 


32 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


33 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


34 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


35 0.00 0.5 0.000 0.200 2 0.200 0.714 Pass 


36 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


37 0.00 0.5 0.000 0.200 2 0.200 0.676 Pass 


38 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


39 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


40 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


41 0.00 0.5 0.000 0.200 2 0.200 0.610 Pass 


42 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


43 0.00 0.5 0.000 0.200 2 0.200 0.581 Pass 







44 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


45 0.00 0.5 0.000 0.200 2 0.200 0.200 Pass 


46 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


47 0.00 0.5 0.000 0.200 2 0.200 0.532 Pass 


48 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


49 0.00 0.5 0.000 0.200 2 0.200 0.510 Pass 


50 0.00 0.5 0.000 0.010 2 0.010 0.200 Pass 


                  


THD       2.220   5.761 5.000 !! REFER!! 


 


This gives V6p = 0.520%, V12p = 0.274%,   and THDVp  = 5.761%.  Note that the measured values Vhm 


and THDVm and are below the planning levels VhPL and THDVPL so there is not a pre-existing problem. 


As V6PL = 0.5%, V12PL = 0.2% and THDVPL = 5% then V6p > V6PL, V62p > V12PL and THDVp  > THDVPL → As 
the PCC is LV, this analysis indicates that no connection is possible without mitigation.  
Reinforcement of the network may also be considered. 
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