Comparison of harmonic limit allocations in IEC and ER G5/4 for HV and EHV networks
	IEC 61000-3-6 (2008)
	ER G5/4 (2005)

	Stage 1  

The criteria for Stage 1 are the same as that is proposed for MV networks. This is based on:

(a) agreed power as the connection condition

(b) Sum of weighted distorting power as the connection condition. This condition applies to cases where a connection has a number of distorting loads. 

If the ratio (a) or (b) expressed as a percentage of the short circuit level at the connection point below 0.2% then connection is allowed without any detailed studies.  

	ER G5/4 doesn’t have this approach (stage 1 of IEC) for voltage levels at and above 33kV. IEC MV voltage is 1kV to 35kV and HV is from 35kV to 230kV. 

Advantage of IEC: It gives the possibility for customers to have a simple connection assessment made based on his size of investment. Also for such small loads the network operator does not need to carry out any significant work to establish harmonic limits.

Disadvantage of IEC: The method doesn’t give the possibility to account for the effects of existing background harmonic conditions. 
Advantages of ER G5/4: It gives the possibility to account for the effects of existing background harmonic conditions. 

Disadvantage of ER G5/4: The approach requires every customer to go through a detailed harmonic assessment irrespective of size of the load if connected above 33kV. In installations where it is known that background harmonics are well below planning level, the IEC stage 1 could be applied.



	Stage 2 (detail analysis required). The approach used is described below:
a) Establish the total available power at the substation of interest and also at neighbouring substations in the considered region. This is done by summating all outgoing powers (non-disturbing loads) plus any disturbing loads connected the substation. For instance, HVDC links and SVCs.  No mentioning is made in the main text on how far from the substation of interest needs to be considered but indicates in the Appendices at least 2-3 nodes away from the connection point should be considered. 
b) Calculate influence coefficients from the neighbouring substations to substation of interest. These coefficients represent harmonic distortion order achieved at the substation of interest when 1pu harmonic voltage order is injected at the remote substation.

c) Multiply each influence coefficient with the associated available power from neighbouring substation and summate them to give a regional total power. A ratio is then obtained using the available power at the substation of interest and the regional power. Depending on the harmonic order, the alpha (exponent of the summation law) root of this ratio is obtained and multiplied with the total planning level to arrive at a harmonic level that is globally available for the substation of interest.

d) The customer is then allocated a portion from this global available limit based on his supply rating and the available power at the substation of interest. 
The above process initially established the maximum harmonic level (global level) that could be available for a given substation ensuring that planning levels are not exceeded in the neighbouring substations. The approach then allocates rights based on the rating of the distorting loads. 


	The stage 3 process of the ER G5/4 is the closest to IEC stage 2 approach. The similarity between the two is that both methods require the consideration of neighbouring substations. However, a significant difference exists between the two because ER G5/4 stage 3 explicitly requires measurement of existing background distortions on the site and to utilise this information in establishing harmonic levels. It is not clear how existing background distortion accounted for in the process of IEC Stage 2 approach. 

In IEC it states that at least 2-3 nodes away from the node of interest should be considered. However, ER G5/4 states that neighbouring nodes should extend to LV networks.

The allocation of harmonic levels in ER G5/4 is not based on the proportion of the distorting load like that proposed in the IEC. The ER G5/4 gives all the available headroom to the first customer.

Advantage of IEC: 

The method establishes a global harmonic level for the substation of interest considering the harmonic contributions from neighbouring substations and provides the customer a proportion of the global limit representative of customer connected rating. The method always tends to leave an inherent margin in the system.
Disadvantage of IEC: 

A proportion of the available global limit being allocated to a customer could lead to significant investment to meet the harmonics while the remaining proportion of the global limit may never be used up. 
Advantages of ER G5/4: 
Similar to IEC, the method also establishes the available limit for the substation. However, the first customer gets all the available head room and benefits from it.  
Disadvantages of ER G5/4:
Customers wanting to connect to the same substation at a later stage will have extremely tight limits or head room at all. This will lead to significant filter investment within substation and else where to create head room. 
Suggestion:

From a network point of view, the IEC apportioning method is superior as this tends to inherently maintain a margin between allocated limits and available global harmonic levels irrespective of future customers. Future customers get tighter limits though but then this is proportional to the number of future customers being connected.
ETR 122 states that regardless of the level of distortion present on the network before the connection, the customer who is requesting a connection for the distorting equipment must pay for all the expenditure to meet the harmonic requirements. 

In order to balance between network performance and customer investments on harmonic mitigation, provisions could be made in the G5/4 taking the advantage of both approaches. In substations where future multiple connections are envisaged (possibly up to 7 years) the limits could be based on equal rights i.e., IEC apportioning method. In substations where immediate multiple connections are not envisaged the present G5/4 approach of giving all available head room could be maintained. This approach relies on the number of planning applications made to NGET.


	Stage 3: This deals with acceptance of higher emission levels on a conditional basis. The reasoning for this acceptance is based on the following:
· Some installations do not produce significant harmonics and therefore available supply capacity of the system may not be used.

· General summation law is too conservative in some instances. In real system distorting installations can produce harmonics with opposite phase.
· It may happen that some distorting installations do not operated simultaneously due to system or load constraints.
· When appropriate the system operator or owner may decide to allocate higher emission limits under stage 3 considering pre existing harmonics and new harmonics expected.

	ER G5/4 also makes suggestions to deal with situations where harmonic levels may exceed planning levels. However, due to the apportioning method established in the IEC, this becomes more evident in the IEC approach to accept higher emission levels. This is because the limit allocated (reflective of customer capacity and substation capacity) already has an inherent margin below the global limit for the substation.  In G5/4, all the available head room is allocated to the customer and for this reason it is not straight forward to establish if spare margin will be available for the same reasoning made in the IEC. 
ER G5/4 and ETR 122 does  state that in cases where planning levels may be exceeded due to connection of new load, this should be reflected in the connection agreement and the connection can be objected until an agreement is reached between the customer and network owner.
ER G5/4 refers to ETR 122 for remedial measures. The remedial measures are given for both customer and network owner. It seems that always remedial actions have to be established by the customer while the guideline calls for network operators also to consider connection of filters within their substations. 
Both methods require a detail study of the situation when harmonic levels may exceed the allocated limits and in that respect neither is advantaged or disadvantaged. 
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