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	Topic 
	Capacity Released

	Question 
	Where does the value of 4MVA to 7MVA per 1MW fault level contribution come from? Is this figure used to calculate the released capacity in the FCL service trials, and if so is this considered relevant to all cases?

	Notes on question 
	

	Answer 
	The value of 4 to 7MVA per 1MW fault level contribution is based on typical parameters used by our System Planning and Parsons Brinckerhoff engineers for the sizes of synchronous machines which connect to the distribution network, and is the contribution to system fault level at the point of connection. A conservative figure of 4 MVA was used to calculate the theoretical released capacity. In practice the limit on what additional generation can be connected is a thermal one. The attached calculation note illustrates this.
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Attachment to the answers for Questions 13 and14



This information should be read as part of the answers to Questions 13 and 14 (reproduced below) raised on the FLARE Project dated 31 July 2014.

Q 13	Where does the value of 4MVA to 7MVA per 1MW fault level contribution come from? Is this figure used to calculate the released capacity in the FCL service trials, and if so is this considered relevant to all cases?



Q 14	Is there supporting evidence for the released capacity and why this does not change across different sites?



The following information on the capacity released calculations from the application of the Adaptive Protection, the FCL service and IS-limiters are extracts from a report written by Parsons Brinckerhoff to support the creation of the Full Submission technical business case.

Evaluation of Base Case Released Capacity – HV Switchboard Replacement

The evaluation of the amount of capacity released when an HV switchboard is replaced with higher rated switchgear is given in Calculation Note 8 below. It is assumed that typical primary 11kV switchgear rated at 13.1kA would be replaced by 25kA switchgear.

 (
Calculation Note 8:
It is assumed that typical 11kV switchgear is rated at 13.1kA and that it is replaced by 25kA rated switchgear,
Theoretical maximum additional fault level capacity = 25 -13.1= 11.9kA, this corresponds to 11.9 x 11 x 
3 = 226MVA.  
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Facilitated generator connection capacity = 226/4 = 56.7MVA
It is impossible to connect 56MVA of embedded generation to a typical primary due to voltage and thermal constraints such as the reverse power rating of the primary transformers.  Therefore, the generation connections facilitated by the fault level margin arising from the replacement switchgear are likely to be limited. At a two transformer primary the limit would be the transformer rating for an N-1 connection and the total transformer rating for generation constrained during a single circuit outage.
It is concluded that replacement of 13.1kA switchgear with 25kA switchgear could facilitate the connection of a theoretical maximum of 
2
3MVA of generation 
or demand
.
)

Evaluation of Base Case Released Capacity – New Primary Substation 

The evaluation of the additional capacity of a new primary substation is developed in Calculation Note 9 below. Although the installed capacity of a new primary substation would normally depend upon the forecast load, DNOs typically use standard ratings. On this basis it has been assumed that a typical new primary in the ENWL network would comprise two 11.5/23MVA transformers.

 (
Calculation Note 9:
It is assumed that two dual rated 11.5/23MVA transformers will be installed at a new primary.
The firm capacity provided by these transformers, assuming no other limiting factors, is the rating of one of the transformers, i.e. 23MVA.
It is concluded that the installation of a new typical primary substation provides additional firm capacity of 23MVA
.
)

Evaluation of HV Capacity Released by the Method – IS-Limiter

For the evaluation of the capacity released by the installation of IS-Limiters it is assumed that just one IS-Limiter is fitted in series with the bus section circuit breaker or one IS-Limiter is fitted in series with a transformer circuit breaker. On this basis the fault level on either side of the switchboard could increase by up to 50% of the rating, assuming that the existing fault level is 100% of the rating and not allowing for any margin on the rating. The evaluation of the amount of capacity released due to the fault level released by the installation of an IS-Limiter is developed in Calculation Note 10 below.

 (
Calculation Note 10:
It is assumed that typical 11kV
 switchgear is rated at 13.1kA,
Based on the assumed I
S
-Limiter location, the additional capacity on each side of the bus s
ection circuit breaker would be
Additional fault level capacit
y = 6.55kA on each bus section,
giving
 a total additional capacity of 13.1kA fault level at 11kV primaries with two bus sections,
this
 corresponds to 13.1 x 11 x 
3 = 250MVA.
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Facilitated generator connection capacity = 250/4 = 62.4MVA
It is impossible to connect 62MVA of embedded generation to a typical primary due to voltage and thermal constraints such as the reverse power rating of the primary transformers.  Therefore, the generation connections facilitated by the fault level margin arising from the application of the Is-Limiters are likely to be limited.  At a two transformer primary the limit would be the transformer rating for an N-1 connection and the total transformer rating for generation constrained during a single circuit outage.
It is concluded that the installation of I
S
-Limiters could facilitate the connection of 
23
MVA of generation 
or demand
.
)




Evaluation of HV Capacity Released by the Method – Adaptive Protection

The evaluation of the amount of capacity released due to the installation of Adaptive Protection is developed in Calculation Note 11 below.

For the evaluation of the capacity released by the application of Adaptive Protection it is assumed that the fault level could increase to 30kA (based upon the limitation of the withstand capability of a 240mm2 aluminium XLPE cable and the estimated time to reduce the fault current by the operation of the Adaptive Protection circuit breaker (400ms)).

 (
Calculation Note 11:
It is assumed that typical 11kV
 switchgear is rated at 13.1kA,
with
 the application of Adaptive Protection it is assumed that the fault level could increase to 30kA
Theoretical maximum additional fault level capacity = 30 -13.
1 = 16.9kA on each bus section,
this
 corresponds to 16.9 x 11 x 
3 = 322MVA.
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Theoretical maximum facilitated generator connection capacity = 322/4 = 80.5MVA
It is impossible to connect 80.5MVA of embedded generation to a typical primary due to voltage and thermal constraints such as the reverse power rating of the primary transformers.  Therefore, the generation connections facilitated by the fault level margin arising from the application of Adaptive Protection are likely to be limited. At a two transformer primary the limit would be the transformer rating for an N-1 connection and the total transformer rating for generation constrained during a single circuit outage.
It is concluded that the installation of Adaptive Protection could facilitate the connection of a theoretical maximum of 2
3
MVA of generation 
or demand
.
Alt
er
n
atively, 
if it is assumed that with Adaptive Protection the fault level could only increase to 15kA, limited by the withstand of 185mm
2
 aluminium cable,
 
additional
 fault level capacity = 15 -13
.1 = 1.9kA on each bus section,
this
 corresponds to 1.9 x 11 x 
3 = 36MVA,
corresponding
 to facilitated generator connection capacity of 36/4
 = 9MVA per primary substation.
)

Evaluation of HV Capacity Released by the Method – Alternative in Terms of Additional Primary Transformer Capacity

An alternative approach to considering the capacity released by the increase in fault levels arising from application of the Methods in terms of new generation connections, is to assess whether the additional fault level capacity would enable new primary transformers to be connected.

Each additional primary has been assumed to contribute 88MVA to 11kV rms symmetrical fault levels (see Calculation Note 3).

The evaluation of the number of transformers that could be connected due to the fault level margin provided by the installation of IS-Limiters and Adaptive Protection is developed in Calculation Note 12 below.

 (
Calculation Note 12:
The additional fault level capacity introduced by the use of I
S
-Limiters and Adaptive Protection has been developed in th
e preceding Calculation Notes.
From Calculation Note 3 we can say that the fault contribution from a new primary transformer is 
88MVA from the upstream system.
To ensure that the capacity is not overestimated, an allowance is made for the fault contribution from the new load that could be accommodated by the additional transformer. Erring on the side of pessimism, if it is assumed that the new load was rated at 23 MVA, the new load would cont
ribute 23 MVA of fault 
infeed
.
So, overall an additional transformer would relate to an increase in fault level of:
Maximum total fault contribution due to new primary transformer = 88 + 23 = 111MVA
Method
at 11kV
Is-Limiter
Additional FL capacity
13.1kA (250 MVA)
Corresponding no. of primary transformers 
2 x primary 
tx
Adaptive Protection
Additional FL capacity
16.9kA (322 MVA)
Corresponding no. of primary transformers
2 x primary 
tx
Although the evaluation of fault level indicates that the fault level margin provided by the Methods could be sufficient for 2 primary transformers, the number of transformers may be limited by practicalities such as space and the continuous
 current rating of the 
busbars
.
It is concluded that the installation of the Methods could provide sufficient fault level margin to accommodate the connection of up to two primary transformers at each primary substation.
Alterna
tively, 
if it is assumed that the fault level could only increase to 15kA, limited by the withstand of 185mm
2
 aluminium cable,
 
additional
 fault level capacity = 15 -13.1 = 1.9kA on each bus section, 
this
 corresponds to 1.9 x 11 x 
3 = 36MVA which would be insufficient to accommodate an additional transformer.
)




Evaluation of HV Capacity Released by the Method – Generator/Motor Active Fault Level Management

 (
Calculation Note 13:
By having contractual arr
angements so that a generator or
 motor is tripped before the necessary switchgear operates, their connection would not be constrained by the fault capability of the switchgear. However, it would be limited by the withstand capabilities of other network equipment and the amount of time that the fault would persist before the generator or motor is disconnected. 
It is assumed that typical 11kV
 switchgear is rated at 13.1kA,
w
ith
 the application of 
FCL service 
it is assumed that the fault level could increase to 30kA
 
(based upon the limitation of the withstand capability of a 240mm
2
 
aluminium
 XLPE cable)
.
Theoretical maximum additional fault level capacity = 30 -13.
1 = 16.9kA on each bus section,
this
 corresponds to 16.9 x 11 x 
3 = 322MVA.
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Theoretical maximum facilitated generator connection capacity = 322/4 = 80.5MVA
It is impossible to connect 80.5MVA of embedded generation to a typical primary due to voltage and thermal constraints such as the reverse power rating of the primary transformers.  Therefore, the generation connections facilitated by the fault level margin arising from the application of Adaptive Protection are likely to be limited. At a two transformer primary the limit would be the transformer rating for an N-1 connection and the total transformer rating for generation constrained during a single circuit outage.
It is concluded that the installation of 
FCL service
 could facilitate the connection of a theoretical maximum of 2
3
MVA of generation 
or demand
.
Alternatively, i
f it is assumed that with application of the Method will permit the fault level to increase to 15kA, limited by the withstand of 185mm
2
 aluminium cable,
 
additional
 fault level capacity = 15 -13.1 = 1.9kA on each bus section, 
this
 corresponds to 1.9 x 11 x 
3 = 36MVA,
corresponding
 to facilitated generator/motor connection capacity of 36/4 = 9MVA per primary substation assuming a fault 
infeed
 of 4MVA per MVA rating.
In reality, the additional fault level capacity introduced by the use of generator and motor active fault level management commercial agreements is unlikely to depend upon technical factors, but depend upon the number of possible participants and the market take up
.
)

Evaluation of Base Case Released Capacity – 33kV Switchboard Replacement

The evaluation of the amount of generation capacity which could be connected when a 33kV switchboard is replaced with higher rated switchgear is given in Calculation Note 14 below.  It is assumed that typical 33kV switchgear rated at 17.5kA would be replaced by 25kA switchgear.

 (
Calculation Note 14:
It is assumed that typical 33kV switchgear is rated at 17.5kA and that it is replaced by 25kA rated switchgear,
Additional fault level capacity = 25 -17.5= 7.5kA, this corresponds to 7.5 x 33 x 
3 = 429MVA.
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Facilitated generator connection capacity = 429/4 = 107MVA
It is unlikely that 107MVA of embedded generation could be connected to a typical bulk supply point due to the reverse power rating of the transformers.  Therefore, the generation connections facilitated by the fault level margin arising from the replacement switchgear are likely to be limited.  At a two transformer site the limit would be the transformer rating for an N-1 connection and the total transformer rating for generation constrained during a single circuit outage.
Based on an average bulk supply point comprising two 90MVA 132/33kV transformers the firm capacity would be 90MVA, and approximately 90MVA of 33kV generation could be accommodated, cautiously assuming zero minimum demand, but no generation embedded in lower voltage levels.
It is concluded that replacement of 17.5kA 33kV switchgear with 25kA switchgear could facilitate the connection of 90MVA of generation 
or demand
.
)

Evaluation of EHV Capacity Released by the Method – IS-Limiter

As in the 11kV case, the evaluation of the capacity released by the installation of IS-Limiters at 33kV either fitted in series with the bus section circuit breaker or fitted in series with a transformer circuit breaker. On this basis the fault level on either side of the switchboard could increase by up to 50% of the rating, assuming that the existing fault level is 100% of the rating and not allowing for any margin on the rating. The evaluation of the amount of capacity released which could be connected due to the fault level released by the installation of an IS-Limiter is developed in Calculation Note 15 below.

It should be noted that there are factors which influence the ability to realise benefit provided by the increase in fault level. 33kV connected generation is most commonly associated with wind and recently solar, using technologies which have a lower contribution to system fault levels. The use of synchronous generators within 33kV connected generation sites is slightly less common than for generation connected at HV. Also, HV connected generation can affect the ability of the 33kV system to accommodate 33kV connected generation whilst remaining within the thermal limits of the 33kV system.

 (
Calculation Note 15:
It is assumed that typical 33kV switchgear is rated at 17.5kA, 
Based on the assumed I
S
-Limiter location, the additional capacity on each side of the bus section circuit breaker would be 
Additional fault level capacity = 8.75kA on each bus section, 
giving
 a total additional capacity of 17.5kA fault level at 33kV bulk supply points with two bus sections,
this
 corresponds to 17.5 x 33 x 
3 = 1000MVA
.
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Facilitated generator connection capacity = 1000/4 = 250MVA
It is impossible to connect 250MVA of embedded generation to a typical bulk supply point due to the reverse power rating of the transformers. Therefore, the generation connections facilitated by the fault level margin arising from the application of the Is-Limiters are likely to be limited.  At a two transformer site the limit would be the transformer rating for an N-1 connection and the total transformer rating for generation constrained during a single circuit outage.
Based on an average bulk supply point comprising two 90MVA 132/33kV transformers the firm capacity would be 90MVA, and approximately 90MVA of 33kV generation could be accommodated, cautiously assuming zero minimum demand, but no generation embedded in lower voltage levels.
It is concluded that the installation of I
S
-Limiters at 33kV could typically facilitate the connection of up to 90MVA of generation 
or demand
.
)




Evaluation of EHV Capacity Released by the Method – Adaptive Protection

The evaluation of the amount of capacity released due to the installation of Adaptive Protection is developed in Calculation Note 16 below.

For the evaluation of the capacity released by the application of Adaptive Protection it is assumed that the fault level could increase to 30kA (based upon the limitation of the withstand capability of a 240mm2 aluminium XLPE cable and the estimated time to reduce the fault current by the operation of the Adaptive Protection circuit breaker (400ms)).

 (
Calculation Note 16:
It is assumed that typical 33kV
 switchgear is rated at 17.5kA,
with
 the application of Adaptive Protection it is assumed that the fault level could increase to 30kA
 
Additional fault level capacity = 30 -17.5 = 12.5kA on each bus section, 
this
 corresponds to 12.5 x 33 x 
3 = 412.5MVA.
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Facilitated generator connection capacity = 412.5/4 = 103MVA
Again, it is unlikely that 103MVA of 33kV embedded generation could 
be connected to a typical BSP. 
Therefore, the generation connections facilitated by the fault level margin arising from the application of Adaptive Protec
tion are likely to be limited.
Based on an average bulk supply point comprising two 90MVA 132/33kV transformers the firm capacity would be 90MVA, and approximately 90MVA of 33kV generation could be accommodated, cautiously assuming zero minimum demand, but no generation embedded in lower voltage levels.
It is concluded that the installation of Adaptive Protection could facilitate the connection of up to 90MVA of generation 
or demand 
at each Bulk Supply Point.
)




Evaluation of EHV Capacity Released by the Method – Generator/Motor Active Fault Level Management

 (
Calculation Note 1
7
:
By having contractual arrangements so that a generator of motor is tripped before the necessary switchgear operates, their connection would not be constrained by the fault capability of the switchgear. However, it would be limited by the withstand capabilities of other network equipment and the amount of time that the fault would persist before the generator or motor is disconnected. 
It is assumed that typical 33kV
 switchgear is rated at 17.5kA,
with
 the application of the FCL service it is assumed that the fault level could increase to 30kA
 
(based upon the limitation of the withstand capability of a 240mm
2
 aluminium XLPE cable)
Additional fault level capacity = 30 -17.5 = 12.5kA on each bus section, 
this
 corresponds to 12.5 x 33 x 
3 = 412.5MVA.
It is assumed that the short circuit contribution of a typical synchronous generator is 4MVA per MVA of capacity at the point of connection, on this basis;
Facilitated generator connection capacity = 412.5/4 = 103MVA
Again, it is unlikely that 103MVA of 33kV embedded generation could 
be connected to a typical BSP. 
Therefore, the generation connections facilitated by the fault level margin arising from 
FCL service provision are likely to be limited.
It is concluded that 
FCL service provision
 could facilitate the connection of up to 90MVA of generation 
or demand 
at each Bulk Supply Point.
In reality, the additional fault level capacity introduced by the use of generator and motor active fault level management commercial agreements is unlikely to depend upon technical factors, but depend upon the number of possible participants and the market take up
.
)




