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CBTS 66 kV Summer Peak Forecasts 
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The N rating on the chart indicates the maximum load that can be delivered from CBTS 
66 kV with all transformers in service.  Exceeding this level will initiate SPI PowerNet’s 
automatic load shedding scheme.  
 
The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   

Annual Energy and Hours at Risk at RWTS 66 (Single Contingency Only)
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Comments on Energy at Risk 

For an outage of one 220/66kV transformer at CBTS, there will be insufficient capacity at the 
station to supply all demand at the 50th percentile temperature for about 118 hours in 
2014/15.  The energy at risk under N-1 conditions is estimated to be 5,080 MWh in 2014/15.  
The estimated value to consumers of the 5,080 MWh of energy at risk is approximately 
$294 million (based on a value of customer reliability of $57,937/MWh)1.  In other words, at 
the 50th percentile demand level, and in the absence of any other operational response that 
might be taken to mitigate the impact of a forced outage, a major outage of one 220/66 kV 
transformer at CBTS for the entire duration of the summer of 2014/15 would be anticipated to 
lead to involuntary supply interruptions that would cost consumers $294 million. 

It is emphasised however, that the probability of a major outage of one of the transformers 
occurring over the year is very low at about 1.0% per transformer per annum, whilst the 
expected unavailability per transformer per annum is 0.217%.  When the energy at risk 
(5,080 MWh) is weighted by this low unavailability, the expected unserved energy is 
estimated to be around 33.1 MWh.  This expected unserved energy is estimated to have a 
value to consumers of around $1.9 million (based on a value of customer reliability of 
$57,937/MWh). 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of moderate temperatures occurring in each year.  
Under more extreme temperature conditions (that is, at the 10th percentile level), the energy 
at risk in 2014/15 is estimated to be 12,051 MWh.  The estimated value to consumers of this 
energy at risk in 2014/15 is approximately $698 million.  The corresponding value of the 
expected unserved energy is $4.5 million. 

These key statistics for the year 2014/15 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 5,080 $294 million 

Expected unserved energy at 50th percentile demand 33.1 $1.9 million 

Energy at risk, at 10th percentile demand forecast 12,051 $698 million 

Expected unserved energy at 10th percentile demand 78.4 $4.5 million 

 

If one of the 220/66 kV transformers at CBTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, the OSSCA2 load shedding scheme which is operated by 
SPI PowerNet’s TOC3 will act swiftly to reduce the loads in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load to 
the rated capability of the station would be restored at zone substation feeder level in 
accordance with United Energy’s and SPI Electricity’s operational procedures after the 
operation of the OSSCA scheme. 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
2  Overload Shedding Scheme of Connection Asset. 
3  Transmission Operations Centre 



2011 Transmission Connection Planning Report    Risk Assessment: CBTS  
 

Page 4 of 6 

In the case of CBTS 66 kV supply at maximum demand, the Schedule of Priority Load 
Shedding recommended by the Demand Reduction Committee, the OSSCA scheme would 
shed about 150 MVA of load, affecting approximately 57,000 customers in 2011/12.   

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint. 

1. Implement contingency plans to transfer load to adjacent terminal stations:  Both 
SPI Electricity and United Energy have established and implemented the necessary 
plans that enable load transfers under contingency conditions via emergency 66 kV ties 
to the adjacent terminal stations at East Rowville (ERTS 66 kV), Tyabb (TBTS 66 kV) and 
Heatherton (HTS 66 kV).  The emergency 66 kV ties can be in operation within 2 hours 
and have a combined capability to transfer up to 150 MVA of load.   

2. Establish a new 220/66 kV terminal station:  SPI Electricity expects that a new terminal 
station in the Pakenham area (with a site yet to be acquired) will be required in around 6 
years time to service load growth in the region.  This development will help to off-load 
CBTS as well as addressing overloading problems on the existing 66 kV sub-
transmission network from CBTS to the Pakenham area.  SPI Electricity will carry out 
planning studies to assess whether this option is economic, and if so, to determine the 
optimal timing of any investment.  An alternative would be to develop a new terminal 
station on a reserved site in North Pearcedale.  The North Pearcedale site, however, is 
not located within the growth area and is considered unsuitable at this stage.  

3. Install a 4th 220/66 kV transformer at Cranbourne Terminal Station:  The site has 
provision for a 4th transformer and implementing this option is relatively straight forward, 
however it would require 66 kV lines to be re-arranged so that the station can operate 
with split 66 kV buses in order to maintain fault levels within acceptable limits. 

4. Install two new 50 MVAr 66 kV capacitor banks:  CBTS currently does not have 66 kV 
capacitor banks and the station operates with a power factor around 0.94 lagging in 
summer. Installing two 50 MVAr 66 kV capacitor banks will help to reduce the net MVA 
supplied by transformers by approximately 20 MVA and would defer the network 
augmentation by one year.   

5. Demand Side Management:  United Energy and SPI Electricity have developed a number 
of innovative network tariffs that encourage voluntary demand reduction during times of 
network constraints.  The amount of demand reduction depends on the tariff uptake and 
the subsequent change in load pattern and will be taken into consideration when 
determining the optimum timing for the capacity augmentation. 

6. Embedded Generation:  Embedded generation, with a capacity in the order of 50 MW, 
connected to the CBTS 66 kV bus, will defer the need for augmentation by one to two 
years.  

Preferred network option for alleviation of constraints 

As indicated earlier SPI Electricity and United Energy are negotiating with a proponent for 
network support that will allow a two year deferral of the preferred network option (to install a 
fourth 150 MVA 220/66 kV transformer).  The successful establishment of a network support 
contract will enable the installation of the fourth transformer to be deferred to 2016.  In the 
absence of network support, installation of the new transformer by summer 2014/15 would 
be economically justified.  
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Prior to implementing either of the augmentation options it is proposed to implement the 
following temporary measures to cater for an unplanned outage of one transformer at CBTS 
under critical loading conditions: 

• maintain contingency plans to transfer load quickly to adjacent terminal stations;  

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the impact 
on customers of any automatic load shedding that may take place; and 

• subject to the availability of SPI PowerNet’s spare 220/66 kV transformer for 
metropolitan areas (refer Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer. 

The capital cost of installing a fourth 150 MVA 220/66 kV transformer at CBTS is estimated 
to be $18 million.  The cost of establishing, operating and maintaining a new transformer 
would be recovered from network users through network charges, over the life of the asset.  
The estimated total annual cost of this network augmentation is approximately $1.8 million.  
This cost provides a broad upper bound indication of the maximum network support payment 
which may be available to embedded generators or customers to reduce forecast demand, 
and to defer or avoid the transmission connection component of this augmentation.  Any non-
network solution that defers this augmentation for say 1-2 years, will not have as much 
potential value (and contribution available from distributors) as a solution that eliminates or 
defers the augmentation for, say, 10 years.   

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy.  On the present 50th percentile 
forecasts, as shown in the table, the customer value of expected unserved energy ($1.9 
million) exceeds the annualised cost of the preferred option ($1.8 million) in 2015, hence, the 
preferred option should be implemented by the end of 2014 so that additional capacity is 
available during summer 2014/15 in the event of network support not being available.  If 
network support is available then the installation of the 4th transformer would be deferred 
accordingly. 

 



2011 Transmission Connection Planning Report    Risk Assessment: CBTS  
 
CRANBOURNE TERMINAL STATION
Detailed data:  Magnitude and probability of loss of load

Distribution Businesses supplied by this station: United Energy (43.5%) and SPI Electricity (56.5%)

Normal cyclic rating with all plant in service 538 MVA via 3 transformers (Summer peaking)
Summer N-1 Station Rating 359 MVA [See Note 1 below for interpretation of N-1]
Winter N-1 Station Rating 411 MVA

Station: CBTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
50th percentile Summer Maximum Demand (MVA) 422.7 458.5 478.4 501.1 524.3 549.9 575.2 602.4 633.3 664.2
Summer % Overload [See Note 2 below] 18% 28% 33% 40% 46%
50th percentile Winter Maximum Demand (MVA) 347.0 360.5 376.1 391.9 409.4
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil
Annual energy at risk (MWh)  [See Note 3 below] 611 1,989 3,210 5,080 7,586
Annual hours at risk  [See Note 4 below] 27 62 83 119 158
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 4.0 13.0 20.9 33.1 49.4

Expected Annual Unserved Energy value [See Note 6 below] $0.2M $0.8M $1.2M $1.9M $2.9M

Exceeds 
station "N" 

rating

Exceeds 
station "N" 

rating

Exceeds 
station "N" 

rating

Exceeds 
station "N" 

rating

Exceeds 
station "N" 

rating

 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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DEER PARK TERMINAL STATION (DPTS) 66 kV 

Deer Park Terminal Station (DPTS) 66 kV is a proposed future terminal station located at the 
corner of Christies Road and Riding Boundary Road in Deer Park.  It is required to offload 
both transformer groups at KTS by Nov 2016 to avoid excessive load at risk and load 
exceeding ‘N’ ratings of plant at KTS in summer 2016/17.  It is planned to transfer SU 
(Sunshine) zone substation from KTS (B1,2,5) transformer group and MLN (Melton) zone 
substation from KTS (B3,4) group to the new DPTS.  Also, by 2017 there will be significant 
load at risk on the SBY/MLN 66 kV loops and transferring MLN to DPTS will also defer a 
large amount of augmentation work on these lines. 

DPTS will also supply a nearby new zone substation, Truganina (TNA) which is required by 
November 2016 to offload nearby LV (Laverton), LVN (Laverton North), SU and WBE 
(Werribee) zone substations, and to augment supply to the fast-growing western suburbs of 
Melbourne.  

The transfer of load from LV and LVN zone substations which are supplied from ATS West 
and ATS/BLTS terminal stations respectively also defers augmentation at those terminal 
stations. 

DPTS is planned to be constructed with two 150 MVA 220/66kV transformers.  The initial 
load is forecast to be 240 MVA and rising to 310 MVA by 2019 due to the high load growth 
of the western suburbs of Melbourne and additional transfers from LV and WBE zone 
substations.  A new zone substation, RBE (Rockbank East) may be required to be 
connected to DPTS by November 2018.  A third 220/66 kV 150 MVA transformer at DPTS 
may be economically justified before summer of 2018/19. 

DPTS will connect into the existing KTS-GTS 220 kV lines which presently pass through the 
site.  A second KTS-GTS 220 kV line connection will be required when the load reaches 
375 MW by approximately 2023.  A fourth 150 MVA 220/66kV transformer may be required 
in 2024 followed by a new terminal station at Tarneit around 2030. 

Powercor, Jemena Electricity Networks and AEMO are presently preparing a regulatory test 
analysis of the proposed Deer Park Terminal station.  The analysis will be published for 
consultation in early 2012.   

Page 1 of 1 1
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EAST ROWVILLE TERMINAL STATION (ERTS) 

The risk of supply interruption at ERTS 66 kV, for a single contingency event was assessed 
as being unacceptable in 2007, and the establishment of a fourth 150 MVA 220/66 kV 
transformer at ERTS 66 kV was identified as the most economic network solution by both 
SPI Electricity and United Energy as part of the Regulatory Test.  As a result, the new fourth 
transformer has been installed at ERTS and it will be commissioned by December 2011 for 
operation over summer 2011/12.  Once the new transformer is commissioned, ERTS will 
consist of four 150 MVA transformers.  

ERTS is the main source of supply for much of the outer south-eastern corridor of 
Melbourne.  The geographic coverage of the area supplied by this station spans from 
Scoresby in the north to Lyndhurst in the south, and from Belgrave in the east to Mulgrave in 
the west.  The electricity supply network for this large region is split between United Energy 
(UE) and SPI Electricity (SPIE).   

Prior to the installation of a fourth transformer, other major works completed to address high 
demand at ERTS over the last ten years have included: 

• sub-transmission line works in 2001 by United Energy to transfer about 60 MVA of load 
away from ERTS to Tyabb Terminal Station (TBTS) prior to summer 2002; and  

• establishment of a new terminal station at Cranbourne (CBTS) in 2005 to off-load ERTS 
prior to summer 2006. 

Magnitude, probability and impact of loss of load 

ERTS 66 kV is a summer peaking station.  The summer peak demand at ERTS 66 kV has 
increased by almost 111 MW, equivalent to an annual growth rate of 8.6%, between 2006 
and 2009.  The peak load on the station reached 504.9 MW (523.4 MVA) in summer 2009 
under extreme weather conditions.  The recorded peak demand in summer 2011 was 481.7 
MW (509.9 MVA), which was comparable to the 2010 summer peak.  This is mainly 
attributed to the comparatively mild weather conditions observed during summer 2011.    

The graph below depicts the 10th and 50th percentile total summer maximum demand 
forecasts together with the station’s expected operational N rating (all transformers in 
service) and the N-1 rating at 35°C as well as 40°C ambient temperature. 

The N rating on the graph indicates the maximum load that can be supplied from ERTS with 
all transformers in service.  Exceeding this level will initiate SPI PowerNet’s automatic load 
shedding scheme.  

The graph indicates that the overall demand at ERTS remains below its N rating within the 
planning period.  However, the 10% POE overall summer demand is forecast to be above 
the new N-1 rating of the station.  The 50% POE overall summer demand is expected to 
exceed the N-1 rating of the station in  2016. 
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With the commissioning of the fourth transformer, the 66 kV bus will be split into two bus 
groups (B12 and B34) containing two transformers in each group during normal operation in 
order to reduce the 66 kV fault level.   

In the event of a transformer outage, the respective 66 kV bus tie circuit breaker will 
automatically be closed to share the demand across the other three transformers.  The 
following section discusses the demand on these two bus groups under normal operating 
conditions. 

Transformer group ERTS (B12) Summer Peak Forecasts 

The graph below depicts the ERTS (B12) bus group rating with both the transformers in 
service (“N” rating), and the 10th and 50th percentile summer maximum demand forecasts 
from summer 2012 onwards.   

The graph indicates that the 10% POE forecast demand connected to the bus group ERTS 
(B12) is reaching its N rating by 2021 however, the forecast demand will remain below its N 
rating for the full planning period.  Therefore, it is not expected that the connected demand 
will exceed the total capacity of the bus group under normal operation at any time over the 
10 year planning period.   
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This bus group supplies UE’s zone substations MGE and LD and SPIE’s zone substations 
FGY and BGE. 

Transformer group ERTS (B34) Summer Peak Forecasts 

The graph below depicts the ERTS (B34) bus group rating with both transformers in service 
(“N” rating), and the 10th and 50th percentile summer maximum demand forecasts from 
summer 2012 onwards.  

A slight reduction of demand in bus group ERTS (B34) is anticipated prior to summer 
2012/13 as a result of transferring approximately 17 MVA from ERTS to CBTS following the 
commissioning of the new Cranbourne Zone Substation.   

The graph indicates that the forecast demand connected to the bus group ERTS (B34) is 
below its N rating for the full planning period.  Therefore, it is not expected that the connected 
demand will exceed the total capacity of the bus group under normal operation at any time 
over the 10 year planning period.   
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This bus group supplies UE’s zone substations DSH, DN and DVY and SPIE’s zone 
substation HPK.   

Energy at risk for ERTS  

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability.  The line graph shows the value to consumers of 
the expected unserved energy in each year, for the 50th percentile demand forecast. 
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Comments on Energy at Risk 

After installing the fourth transformer, there will be sufficient capacity to supply the total 
demand for an outage of one transformer at ERTS up to 2016 based on the demand forecast 
at the 50th percentile temperature.  By 2021, there will be insufficient capacity at the station to 
supply all the demand at the 50th percentile temperature for about 72 hours in that year.  The 
energy at risk at the 50th percentile temperature under N-1 conditions is estimated to be 
2,319 MWh in 2021.  The estimated value to consumers of the 2,319 MWh of energy at risk 
is approximately $146.1 million (based on a value of customer reliability of $63,019/MWh)1.  
In other words, at the 50th percentile demand level, and in the absence of any other 
operational response that might be taken to mitigate the impact of a forced outage, a major 
outage of one transformer at ERTS in 2021 would be anticipated to lead to involuntary supply 
interruptions that would cost consumers $146.1 million. 

It is emphasised however, that the probability of a major outage of one of the four 
transformers occurring over the year is very low at about 1.0% per transformer per annum, 
whilst the expected unavailability per transformer per annum is 0.217%.  When the energy at 
risk (3,319 MWh) is weighted by this low unavailability, the expected unserved energy is 
estimated to be around 19.9 MWh.  This expected unserved energy is estimated to have a 
value to consumers of around $1.3 million (based on a value of customer reliability of 
$63,019/MWh). 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) temperatures occurring in 
each year.  Under 10th percentile temperature conditions, the energy at risk in 2021 is 
estimated to be 3,574 MWh.  The estimated value to consumers of this energy at risk in 2021 
is approximately $225.2 million.  The corresponding value of the expected unserved energy 
is approximately $1.9 million.   

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 2,319 $146.1 million 

Expected unserved energy at 50th percentile demand 19.9 $1.3 million  

Energy at risk, at 10th percentile demand forecast 3,574 $225.2 million 

Expected unserved energy at 10th percentile demand 30.7 $1.9 million 

 

If one of the 220/66 kV transformers at ERTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, the OSSCA2 load shedding scheme which is operated by 
SPI PowerNet’s TOC3 will act swiftly to reduce the loads in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load to 
the rated capability of the station would be restored at zone substation feeder level in 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
2  Overload Shedding Scheme of Connection Asset. 
3  Transmission Operation Centre 
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accordance with United Energy’s and SPI Electricity’s operational procedures after the 
operation of the OSSCA scheme. 

In the case of ERTS supply at maximum loading periods, and based on the Schedule of 
Priority Load Shedding recommended by the Demand Reduction Committee, the OSSCA 
scheme would shed about 100 MVA of load, affecting approximately 35,000 SPIE customers 
followed by an additional 140 MVA of load shedding, if required, affecting approximately 
35,000 UE customers. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Implement contingency plans to transfer load to adjacent terminal stations.  Both United 
Energy and SPI Electricity have established and implemented the necessary 
infrastructure and plans that enable load transfers under contingency conditions via 
emergency 66 kV subtransmission ties to Springvale Terminal Station and Ringwood 
Terminal Station, respectively.  The emergency 66 kV tie to Ringwood Terminal Station 
can be in operation within 2 hours and has the capacity to transfer up to 40 MVA of load. 
The emergency 66 kV tie to Springvale Terminal Station has the capacity to transfer up to 
65 MVA of load.  A further 40 MVA can be transferred using the 22 kV distribution 
network.  However, the magnitude of the available load transfer will depend on the 
configuration of the network at the time of an emergency.  

2. Transfer Hampton Park (HPK) zone substation from ERTS to Cranbourne Terminal 
Station (CBTS).  This would require 15 kilometres of new 66 kV lines between CBTS and 
HPK as well as new 66 kV line circuit breakers at CBTS.   

3. Establish a new 220/66 kV terminal station.  A terminal station site in Dandenong has 
been reserved for possible future electrical infrastructure development to meet 
customers’ needs in the area.  The establishment of a new terminal station at 
Nar Nar Goon would also enable ERTS to be offloaded.   

4. Demand Side Management.  United Energy has developed a number of innovative 
network tariffs that encourage voluntary demand reduction during times of network 
constraints.  The amount of demand reduction depends on the tariff uptake and the 
subsequent change in load pattern, and will be taken into consideration when 
determining the optimum timing for the capacity augmentation. 

5. Embedded Generation.  Embedded generation, in the order of 40 MVA, connected to the 
ERTS 66 kV bus, will help to defer the need for augmentation by at least one year. 

Preferred network option for alleviation of constraints  

1. Implement the following temporary measures to cater for an unplanned outage of one 
transformer at ERTS under critical loading conditions:  

• maintain contingency plans to transfer load quickly to adjacent terminal stations;  

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the impact 
on customers of any automatic load shedding that may take place; and 
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• subject to the availability of the SPI PowerNet’s spare 220/66 kV transformer for 
metropolitan areas (refer Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer. 

2. In the absence of any commitment by interested parties to offer network support services 
by installing local generation or through demand side management initiatives that would 
reduce load at ERTS, it is proposed to either:  

• off-load ERTS by transferring HPK onto CBTS once a 4th transformer is installed at 
CBTS and once Nar Nar Goon Terminal Station is established, or  

• off-load ERTS by transferring Dandenong South zone substation onto a new terminal 
station in Dandenong.   

On the present forecasts neither of these transfers to off-load ERTS is likely to be 
economic within the ten year planning horizon.   

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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EAST ROWVILLE TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: United Energy (72%) and SPI Electricity (28%) 
Station operational rating (N elements in service): 786 MVA via 4 transformers (Summer peaking) 
Summer N-1 Station Rating: 573 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating: 892 MVA 
  
  
  
 

Station: ERTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 535.5 531.9 547.2 566.1 581.9 599.7 613.1 631.0 652.9 670.0 
Summer % Overload [See Note 2 below] Nil Nil Nil Nil 2% 5% 7% 10% 14% 17% 
50th percentile Winter Maximum Demand (MVA) 401.4 412.4 426.1 437.3 450.0 459.3 472.1 488.0 500.0 512.2 
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 
Annual energy at risk (MWh)  [See Note 3 below] 0 0 0 0 14 127 276 608 1,386 2,319 
Annual hours at risk  [See Note 4 below] 0 0 0 0 4 9 17 28 55 72 
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.0 0.0 0.0 0.0 0.1 1.1 2.4 5.2 11.9 19.9 

Expected Annual Unserved Energy value [See Note 6 
below] $k $k $k $k $8k $69k $149k $329.4k $750k $1,255k 

 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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FISHERMAN’S BEND TERMINAL STATION 66 kV (FBTS 66 kV) 

FBTS 66 kV is a terminal station shared by both CitiPower (currently 91%) and Powercor 
(currently 9%).  It is a summer critical station consisting of three 150 MVA 220/66 kV 
transformers supplying the Docklands areas and an area south-west of the City of Melbourne 
bounded by the Yarra River in the north and west, St Kilda/Queen’s Roads in the east and 
Hobsons Bay in the south.  The main supply areas include Docklands and Southbank of the 
Central Business District planning areas, Port Melbourne, Fisherman’s Bend, Albert Park, 
Middle Park and St Kilda West. 

Magnitude, probability and impact of loss of load 

To facilitate voltage control on the main transmission network in the Melbourne metropolitan 
area, a 125 MVA synchronous compensator has been installed at FBTS.  Given the high 
total fault current contribution from the synchronous compensator, together with the fault 
current contribution of existing embedded generators (totalling 17 MW of generating 
capacity) under earth fault conditions, one of the three 220/66 kV transformers at FBTS is 
operating on “Normal Open Auto-close” duty.  Under this arrangement, one transformer 
operates on hot stand-by and it can be automatically switched into operation if there is a 
forced outage of any one of the two normal running transformers.  This arrangement is 
required to maintain the 66 kV fault level to within the terminal station fault rating.  With this 
transformer operating arrangement, the N rating is approximately equal to the N-1 rating (i.e. 
equal to the capacity of two transformers), thus imposing a restriction that the terminal station 
should not be loaded beyond the reduced N capacity of two transformers at any time. 

The graph below depicts the 10th and 50th percentile maximum demand forecasts during the 
summer periods over the next ten years, together with the station’s operational N and N-1 
ratings.  The forecast demand includes the effects of any future load transfer works that have 
been committed.   

FBTS 66kV Summer Peak Forecasts
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The graph shows that there would be insufficient capacity at FBTS 66 kV to supply the 
forecast 10th percentile and 50th percentile demands by around 2014 and 2015 respectively.   
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The bar chart below depicts the energy at risk (under normal system conditions with one 
transformer on “Normal Open Auto-close” duty) for the 50th percentile demand forecast, and 
the hours per year that the 50th percentile demand forecast is expected to exceed the rated 
capacity under both N and N-1 conditions.  The line graph shows the value to consumers of 
the expected unserved energy in each year, for the 50th percentile demand forecast.  

Annual Energy and Hour at Risk and
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Comments on Energy at Risk 

With the existing transformer operating arrangement at FBTS, it is expected that by around 
2016, there will be insufficient capacity to supply all demand at the 50th percentile 
temperature under N and N-1 conditions.  Under these operating arrangements, the 
expected unserved energy is equal to the energy at risk, whenever loading exceeds the 
capacity of two transformers. 

By 2016, the energy at risk and the expected unserved energy under N and N-1 conditions is 
about 14.1 MWh at the 50th percentile demand forecast.  Under these conditions, there would 
be insufficient capacity to meet demand for about 4.0 hours in that year.  The estimated 
value to consumers of this energy at risk in 2016 is approximately $1.5 million (at a value of 
customer reliability of $104,197 per MWh).1  In other words, at the 50th percentile demand 
level, and in the absence of any other operational response that might be taken to mitigate 
the impact of a forced outage, the existing load forecast for 2016 implies a level of 
involuntary supply interruption that would cost consumers approximately $1.5 million.    

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) summer temperatures 
occurring in each year.  Under 10th percentile level temperature conditions, the energy at risk 
in 2016 is estimated to be 282.4 MWh.  The estimated value to consumers of this energy at 
risk in 2016 is approximately $29.4 million.  

These key statistics for the year 2016 under both N and N-1 conditions are summarised in 
the table below. 
 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50 percentile demand forecast 14.1 $1.5 million 

Expected unserved energy at 50 percentile demand 14.1 $1.5 million 

Energy at risk, at 10 percentile demand forecast 282.4 $29.4 million 

Expected unserved energy at 10th percentile demand 282.4 $29.4 million 

 

If the total station load exceeds the N and N-1 station ratings, the OSSCA2 load shedding 
scheme which is operated by SP AusNet’s TOC3 will act swiftly to reduce the load in blocks 
to within safe loading limits.  Any load reductions that are in excess of the minimum amount 
required to limit load to the rated capability of the station would be restored after the 
operation of the OSSCA scheme, at zone substation feeder level in accordance with 
CitiPower’s and Powercor’s operational procedures. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Contingency plans could be put in place to transfer load to the adjacent terminal stations 
via the 11 kV distribution networks under transformer outage conditions.  This option can 
defer major capital augmentation works until after the current ten-year planning period, 
but it requires the following work to be carried out to mitigate the risk of supply 
interruption and/or to alleviate the emerging constraint in the meantime: 

• Increase the N rating to the normal three-transformer capacity level of about 
520 MVA (i.e. with all the three transformers operating on load) such that the 
station could be loaded up to beyond the N-1 rating under normal conditions.  

The N rating could be increased to near the normal three-transformer capacity 
level and the ‘hot standby’ transformer could be connected by removing the 
“Normal Open Auto-close” duty on the 66 kV transformer circuit breaker and 
implementing a “Normal Open Auto-close” facility on a 66 kV bus tie circuit 
breaker instead of on the transformer circuit breaker.  Under these arrangements, 
the normal open bus tie circuit breaker will be automatically closed upon loss of 
any one of the three transformers.  The total budget cost of these works is 
estimated to be in the order of $470,000.  

2. Installation of a fourth 150 MVA 220/66 kV transformer is a longer term option to address 
the emerging constraint at FBTS.  However, this still requires the fault level reduction 
work described in Option 1 to be completed before the option is feasible. 

3. Embedded generation in the order of 20 MVA, will help to defer the need for 
augmentation by one year. 

Preferred option(s) for alleviation of constraints 
                                                 
2  Overload Shedding Scheme of Connection Asset. 
3  Transmission Operation Centre. 
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In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at FBTS 66 kV, or any other identified better network solutions, it is proposed to 
increase the station N rating to the normal three-transformer capacity, to defer any major 
capital augmentation works until after the current ten-year planning period by: 

1. Operating all three existing transformers for the period prior to 2015/16 summer by 
implementing a “Normal Open Auto-close” facility on a 66 kV bus tie circuit breaker 
instead of on the transformer for 66 kV fault level control.  

2. Implementing the following measures to cater for an unplanned outage of one 
transformer at FBTS 66 kV under critical loading conditions: 

• Maintain contingency plans to transfer load via HV distribution networks to the 
adjacent terminal stations;  

• Fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the 
impact on customers of any load shedding that may take place; and 

• Subject to the availability of the SP AusNet spare 220/66 kV transformer for 
metropolitan areas (refer Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer, and so minimise the transformer outage 
period.  

The estimated total terminal station capital cost associated with this option is approximately 
$470,000.  The estimated total annual cost of this network augmentation is approximately 
$47,000.  This cost provides a broad upper bound indication of the maximum network 
support payment which may be available to embedded generators or customers to reduce 
forecast demand, and to defer or avoid the transmission connection component of this 
augmentation.  Any non-network solution that defers this augmentation for say 1-2 years, will 
not have as much potential value (and contribution available from distributors) as a solution 
that eliminates or defers the augmentation for, say, 10 years.  Sections 1.4 and 1.5 of this 
report provide further background information to proponents of non-network solutions to 
emerging constraints. 

Any non-network proposal must be submitted with detailed plans to CitiPower for 
consideration no later than June 2013.  This will ensure that sufficient time is available to 
implement the most cost-effective measure(s) to manage the risk of supply interruption, and 
to maintain a satisfactory level of supply reliability. The table on the following page provides 
more detailed data on the station rating, demand forecasts, energy at risk and expected 
unserved energy.    
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FISHERMAN’S BEND TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: CitiPower (Currently 91%); Powercor (currently 9%) 
Station operational rating (N elements in service): 358 MVA via 3 transformers with one transformer on "Normal Open Auto-close" duty [Note 7] 

(Summer peaking) 
Summer N-1 Station Rating: 309.3 MW (346.2 MVA) [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating: 355.8 MW (390.0 MVA) 
 

Station: FBTS 66kV 
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 289.7 313.0 334.3 347.2 359.8 372.6 387.4 401.6 415.9 430.4 
Summer % Overload [See Note 2 below] Nil Nil Nil 0.3% 3.9% 7.6% 11.9% 16.0% 20.1% 24.3% 
50th percentile Winter Maximum Demand (MVA) 229.7 247.4 263.0 274.4 285.6 297.0 309.6 320.8 335.1 350.0 
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 
Annual Energy at Risk (MWh)  [See Note 3 below] 0.0 0.0 0.0 0.0 14.1 112.5 476.2 1,117.5 2,110.9 3,597.4 
Annual Hours at Risk  [See Note 4 below] 0.0 0.0 0.0 0.0 4.0 16.3 42.0 70.8 106.8 166.5 
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 0.0 0.0 0.0 0.0 14.1 112.5 476.2 1,117.5 2,110.9 3,597.4 

Expected Annual Unserved Energy value [See 
Note 6 below] $0.0M $0.0M $0.0M $0.0M $1.5M $11.7

M 
$49.6

M 
$116.4

M 
$220.0

M 
$374.8

M 

 
Notes: 

1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. Because of the “Normal Open Auto-close” duty on one transformer at FBTS, “Expected annual unserved energy” is equal to the “annual energy at risk”.  
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
7. The N and N-1 ratings are approximately equal due to the restriction of “Normal Open Auto-close” transformer duty. The N rating will be increased to about 520MVA when the 

restriction is removed. 
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FRANKSTON TERMINAL STATION (FTS) 

FTS is a 66 kV switching station.  Over the last 12 years, the station has seen two major 
changes in terms of both 66 kV incoming supply arrangements and the geographic area 
supplied from the station, as described below: 

1. A major project initiated by United Energy (UE) in 2001 changed the coverage of the 
terminal station in the region to enable the spare capacity at Tyabb terminal station 
(TBTS) to be utilised.  This resulted in FTS demand being reduced to below its N-1 rating 
in summer 2002. 

2. With the establishment of a new terminal station at Cranbourne (CBTS) in 2005, FTS, 
originally supplied from East Rowville terminal station (ERTS), was transferred to 
Cranbourne terminal station (CBTS) in May 2005.  The station is now supplied via three 
66 kV supply routes from CBTS. 

In addition to the above, UE upgraded its existing CBTS-CRM 66 kV line in 2009.  This 
increased the summer thermal rating of the line from 930 A to 1125 A at 35ºC.   

Arrangements relating to the ownership of assets supplying FTS, as well as the ratings of 
those assets are listed in the table below. 

66kV Supply Route to FTS Thermal Rating @ 35°C Ownership 

CBTS-FTS #1 825 Amp Transmission connection asset 
owned by SPI PowerNet 

CBTS-FTS #2 825 Amp Transmission connection asset 
owned by SPI PowerNet 

CBTS-CRM-(FTN/LWN)-FTS 1125 Amp Distribution system assets 
owned by United Energy 

 

Magnitude, probability and impact of loss of load 

The various 66 kV supply routes and ownership arrangements mean that the risk 
assessment for FTS is more complicated than for other terminal stations.  As far as 
transmission connection assets are concerned, load flow studies indicate that the lowest N-1 
rating of the loop corresponds to the outage of CBTS-CRM 66 kV line and is limited by the 
thermal rating of CBTS-FTS #1 and CBTS-FTS #2 66 kV lines.   

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational N-1 rating at 35°C as well as 40°C ambient 
temperature. 
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FTS Summer Peak Forecats
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The N-1 rating on the chart indicates the maximum load that can be supplied from FTS with 
the CBTS-CRM 66kV line out of service.  If the ratings of SPI PowerNet’s CBTS-FTS 66kV 
lines are exceeded, this will initiate SPI PowerNet’s automatic load shedding scheme. 
 
The bar chart below depicts the energy at risk for the 50th percentile demand forecast, and 
the hours per year that the 50th percentile demand forecast is expected to exceed the N-1 
capability rating.  The line graph shows the value to consumers of the expected unserved 
energy in each year, for the 50th percentile demand forecast.   
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Comments on Energy at Risk 

For a loss of one of the 66 kV lines, there will be insufficient capacity in the loop to supply all 
the connected demand at the 50th percentile probability of exceedance beyond 2014.  The 
total estimated duration of the constraint under N-1 is about 63 hours in 2021.  The total 
energy at risk under N-1 conditions is estimated at 603 MWh in summer 2021.  The 
estimated value to consumers of the 603 MWh of energy at risk is approximately $39.0 
million (based on a value of customer reliability of $64,713/MWh)1.  In other words, at the 
50th percentile demand level, and in the absence of any other operational response that 
might be taken to mitigate the impact of a forced outage, single line outages of the loop in 
2021 would be anticipated to lead to involuntary supply interruptions that would cost 
consumers $39.0 million. 

It is emphasised however, that the expected unavailability of CBTS-CRM 66 kV line, 
estimated to be 0.245%, is very low, as derived in table below. On the same basis, the 
estimated unavailability for the CBTS-FTS #1 or #2 line is approximately 0.38%.   

CBTS-CRM 66kV Lines Reliability Data 

Line length L = 12.8 km 

Failure rate (sustained fault) per annum F = 7 failures per 100km 

Mean duration of outage (sustained fault) per annum T = 24 hours 

Expected unavailability of the line per year T/ (T+24x365/(F x L)) = 0.245% 

 

When the energy at risk (total of 603 MWh in 2021) is weighted by this low unavailability for 
respective outages, the expected unserved energy is estimated to be around 1.9 MWh.  This 
expected unserved energy is estimated to have a value to consumers of around $123,266 
(based on the value of customer reliability of $64,713/MWh). 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) temperatures occurring in 
each year.  Under 10th percentile temperature conditions, the energy at risk in 2021 is 
estimated to be 1015 MWh.  The estimated value to consumers of this energy at risk in 2021 
is approximately $65.7 million.  The corresponding value of the expected unserved energy is 
around $194,323. 

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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 MWh Valued at consumer 

interruption cost 

Energy at risk, at 50th percentile demand forecast 603.6 $39,058,480 

Expected unserved energy at 50th percentile demand 1.9 $123,266 

Energy at risk, at 10th percentile demand forecast 1015.3 $65,705,633 

Expected unserved energy at 10th percentile demand 3.0 $194,323 

 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Implement a contingency plan to transfer load to adjacent terminal stations.  United 
Energy has established and implemented the necessary plans that enable load transfers 
under contingency conditions, via both 66 kV subtransmission and 22 kV distribution 
networks.   

2. Upgrade CBTS-FTS #1 and CBTS-FTS #2 66 kV circuits.    

3. Improve the operating power factor during the peak demand periods at the zone 
substations (Carrum, Frankston and Langwarrin) supplied through FTS where technically 
feasible by installing switched capacitors. 

4. Establish a new 66 kV line out of CBTS to augment the existing 66 kV loop. 

5. Establish a new 66 kV loop from CBTS to supply a new 66/22 kV zone substation in the 
Skye / Carrum Downs area and offload the existing 66 kV loop.     

6. Demand Side Management:  United Energy has developed a number of innovative 
network tariffs that encourage voluntary demand reduction during times of network 
constraints.  The amount of demand reduction depends on the tariff uptake and the 
subsequent change in load pattern, and will be taken into consideration when 
determining the optimum timing for any future capacity augmentation. 

7. Embedded generation, in the order of 5 MVA, connected to the network supplied by FTS 
66 kV bus, will help to defer the need for augmentation by one year. 

Preferred network option(s) for alleviation of constraints 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at FTS, it is proposed to: 

1. Install additional switched capacitors at zone substation or distribution feeder level to 
improve the operating power factor. 

2. Maintain contingency plans to transfer load quickly to adjacent terminal stations; and 

3. Establish a new 66 kV loop from CBTS to supply a new 66/22 kV zone substation in the 
Skye / Carrum Downs area and offload the existing 66 kV loop.   
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On the present forecasts it is unlikely Option 3 will be economical before 2021.  The capital 
cost of establishing a new 66 kV loop is estimated to be $15 M.  The estimated total annual 
cost of this network augmentation is approximately $1.5 M.  This cost provides a broad upper 
bound indication of the maximum network support payment which may be available to 
embedded generators or customers to reduce forecast demand, and to defer or avoid the 
transmission connection component of this augmentation.  Any non-network solution that 
defers this augmentation for say 1-2 years, will not have as much potential value (and 
contribution available from distributors) as a solution that eliminates or defers the 
augmentation for, say, 10 years.  Sections 1.4 and 1.5 of this report provide further 
background information to proponents of non-network solutions to emerging constraints. 

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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FRANKSTON TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: United Energy (100%) 
Station operational rating (N elements in service): 236 MVA via all 66kV lines (Summer peaking) 

 
Summer N-1 Station Rating: 189 MVA and 194 MVA for an outage of CBTS-CRM and CBTS-FTS #1 or #2 lines respectively 

[See Note 1 below for interpretation of N-1] 
 

Winter N-1 Station Rating: 247 MVA and 201 MVA for an outage of CBTS-CRM and CBTS-FTS #1 or #2 lines respectively 
 

 

Station: FTS 66 kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 178.7 181.5 185.2 190.1 193.7 198.6 201.9 205.7 211.7 216.2 

Summer % Overload [See Note 2 below] Nil Nil Nil 1% 3% 5% 7% 9% 12% 15% 

50th percentile Winter Maximum Demand (MVA) 142.5 145.4 149.2 152.1 155.9 158.5 161.5 166.3 169.8 173.3 

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 
Annual energy at risk (MWh)  [See Note 3 below] 0.0 0.0 0.0 3.3 15.3 54.4 104.5 186.5 391.0 603.6 

Annual hours at risk  [See Note 4 below] 0.0 0.0 0.0 1.5 6.0 14.5 21.0 26.5 46.0 63.5 

Expected annual unserved energy (MWh)  [See Note 5 
below] 0.00 0.00 0.00 0.01 0.04 0.16 0.32 0.57 1.22 1.90 

Expected Annual Unserved Energy value [See Note 6 
below] $0 $0 $0 $525 $2,708 $10k $20k $37k $79k $123k 

 
Notes: 
1. “N-1” means station output capability rating for outage of CBTS-CRM 66kV line. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of being in state N-1 due to the outage of CBTS-CRM 66kV line.  
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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GLENROWAN TERMINAL STATION 66 kV (GNTS 66 kV) 

At GNTS, there is one 125 MVA three phase transformer and one 110 MVA transformer 
composed of six single-phase 55 MVA units.  The station is the main source of supply for a 
major part of north-eastern Victoria including Wangaratta in the north; to Euroa in the south; 
to Mansfield and Mt Buller in the east; and Benalla more centrally.  It is understood that as 
part of SPI PowerNet’s asset replacement program, the 110 MVA transformer units will be  
replaced with one new three phase transformer sometime in the near future. 

Magnitude, probability and impact of loss of load 

GNTS is a winter peaking station and growth in winter peak demand at GNTS 66 kV has 
averaged around 0.7 MW (0.7%) per annum over the last 5 years.  The summer peak 
demand growth has also averaged around 1.4 MW (1.4%) per annum over the last 5 years.  
Growth is forecast to continue at this level for the next few years.  The peak load on the 
station reached 116 MW (119 MVA) in winter 2007 and 105 MW (108 MVA) in summer 
2008/09.  The station demand in summer 2010/11 was 99.4 MW (102 MVA).  This is due to 
the relatively mild weather conditions observed during the summer of 2010/11 as compared 
to the extreme weather conditions experienced in 2008/09.  As explained in further detail 
below, all of the load at risk at GNTS occurs during the summer maximum demand period, 
even though the peak demand occurs in winter.  

In the summer, with an assumed ambient temperature of 35 degrees C, the rating of the 
transformers is lower than the winter (5 degrees C) rating.  Thus, although the summer 
loading is less than winter, all of the energy at risk at the station occurs during the summer 
maximum demand period.  The graph below depicts the 10th and 50th percentile summer 
maximum demand forecast together with the station’s operational “N” rating (all transformers 
in service) and the “N-1” rating at an ambient temperature of 35°C.  The loading at GNTS is 
forecast to reach its “N-1” rating in summer 2018/19 at the 50th percentile summer maximum 
demand forecast.  

GNTS 66 kV Summer Peak Forecasts
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The (N) rating on the above chart indicates the maximum load that can be supplied from 
GNTS 66 kV with all transformers in service. 

With the forecast demand growth rates, GNTS 66 kV is not expected to reach its “N-1” winter 
station rating during the current planning horizon until 2020/21. 

The bar chart below depicts the energy at risk over the summer periods with one transformer 
out of service for the 50th percentile demand forecast, and the hours per year that the 50th 
percentile demand forecast is expected to exceed the N-1 capability.  The line graph shows 
the value to consumers of the expected unserved energy in each year, for the 50th percentile 
demand forecast. 

Annual Energy and Hours at Risk at GNTS
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Comments on Energy at Risk 

By the end of the ten year planning period, for an outage of one transformer at  
GNTS 66 kV over the entire summer period, there will be insufficient capacity at the station to 
supply all demand at the 50th percentile temperature for about 0.7 hours in summer 2020/21. 
The energy at risk at the 50% percentile temperature under “N-1” conditions is estimated to 
be 0.5 MWh in summer 2020/21.  The estimated value to consumers of the 0.5 MWh of 
energy at risk is approximately $31,880 (based on a value of customer reliability of 
$63,755/MWh)1.  In other words, at the 50th percentile demand level, and in the absence of 
any other operational response that might be taken to mitigate the impact of a forced outage, 
an outage of one transformer at GNTS 66 kV over the summer of 2020/21 would be 
anticipated to lead to involuntary supply interruptions that would cost consumers $31,880. 

It is emphasised however, that the probability of a major outage of one of the two 
transformers occurring over the duration of the year is very low, at about 1.0% per 
transformer per annum, whilst the expected unavailability per transformer per annum is 

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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0.217%.  When the energy at risk (0.5 MWh for summer 2020/21) is weighted by this low 
probability, the expected unsupplied energy is insignificant, with an estimated value to 
consumers of around $150 (based on a value of customer reliability of $63,755/MWh).  

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average summer temperatures occurring in each 
year.  Under 10th percentile summer temperature conditions, the energy at risk in summer 
2020/21 is estimated to be 161.3 MWh.  The estimated value to consumers of this energy at 
risk in 2020/21 is approximately $10.3 million.  The corresponding value of the expected 
unserved energy is approximately $44,600. 

These key statistics for the year 2020/21 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 0.5 $31,880 

Expected unserved energy at 50th percentile demand negligible negligible 

Energy at risk, at 10th percentile demand forecast 161.3 $10.3 million 

Expected unserved energy at 10th percentile demand 0.70 $44,600 

 

If one of the 220/66 kV transformers at GNTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, then the Overload Shedding Scheme for Connection 
Assets (OSSCA) which is operated by SPI PowerNet’s TOC2 to protect the connection 
assets from overloading3, will swiftly reduce the loads in blocks to within safe loading limits.  
Any load reductions that are in excess of the minimum amount required to limit load to the 
rated capability of the station would be restored at feeder level in accordance with SPI 
Electricity’s operational procedures after the operation of the OSSCA scheme. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruptions and/or to alleviate the emerging network constraint: 

1. Implement contingency plans to transfer load to adjacent terminal stations.   
SPI Electricity has a 66 kV tie between GNTS and Mt Beauty Terminal Station.  This can 
be used in a limited capacity to transfer load between the two terminal stations. 

2. Install a third 220/66 kV transformer at GNTS:  A third transformer at GNTS is a relatively 
simple, technically feasible option for augmenting GNTS.  There is a provision in the 
existing 66 kV yard for an additional 220/66 kV transformer.  

3. Embedded generation:  Embedded generation, in the order of 20 MVA, connected to the 
GNTS 66 kV bus, will help to defer the need for augmentation by several years. 

                                                           
2  Transmission Operation Centre. 
3  OSSCA is designed to protect against transformer damage caused by overloads.  Damaged transformers can 
take months to replace which can result in prolonged, long term risks to reliability of customer supply.  
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Preferred network option(s) for alleviation of constraints 

4. Addition of more power factor correction capacitors:  The station is currently running with 
a power factor of around 0.96 at the summer peak.  The use of additional capacitors to 
reduce the MVA loading would bring only marginal benefits. 

 

The table on the following page provides data on the station rating, demand forecasts for 
both summer and winter periods, annual energy and hours at risk and expected annual 
unserved energy.  

2. In the meantime it is proposed to implement the following measures to cater for an 
unplanned outage of one transformer at GNTS 66 kV under critical loading conditions 
before a third transformer is commissioned: 

 The capital cost of installing a new 220/66 kV transformer at GNTS 66 kV is 
estimated to be $13 million in 2011 dollars.  The cost of establishing, operating and 
maintaining the transformer would be recovered from network users through network 
charges, over the life of the asset. In today’s terms, the estimated total annual cost of 
this network augmentation is approximately $1.3 million.  This cost provides a broad 
upper bound indication of the maximum network support payment which may be 
available to embedded generators or customers to reduce forecast demand and defer 
or avoid this transmission connection augmentation which may be required beyond 
2022.  Any non-network solution that defers this augmentation for say 1-2 years, will 
not have as much potential value (and contribution available from distributors) as a 
solution that eliminates or defers the augmentation for say 10 years.  Sections 1.4 
and 1.5 of this report provide further background information to proponents of non-
network solutions to emerging network constraints. 

1. In the event if there are no firm commitments by interested parties to offer network 
support services by installing local generation or through demand side management 
initiatives that would reduce future load at GNTS 66 kV, then it will be proposed to 
install a new 220/66 kV transformer at GNTS 66 kV.  On the basis of present 
forecasts, this is not expected to be required within the current planning period until 
2021.   

• Open discussions with commercial and industrial customers, Demand 
Management aggregators and Embedded Generator suppliers to ascertain the 
viability of these options in a cost and time efficient manner. 

• Monitor the load growth to ensure the load at risk is within the forecasts; and 

• subject to the availability of the SPI PowerNet country spare 220/66 kV 
transformer (refer section 4.5), this spare transformer can be used to temporarily 
replace a failed transformer;  

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the 
impact on customers of any load shedding that may take place to protect the 
connection assets from overloading;  

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 
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GLENROWAN TERMINAL STATION 66kV   (GNTS)
Detailed data:  Magnitude and probability of loss of load

Distribution Businesses supplied by this station: SPI Electricity  (100%)
Normal cyclic rating with all plant in service 252 MVA via 2 transformers (Winter peaking)
Summer N-1 Station Rating (MVA): 108
Winter N-1 Station Rating (MVA): 126

Station: GNTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
50th percentile Summer Maximum Demand (MVA) 102.7 103.4 104.2 105.0 105.7 106.5 107.3 108.1 108.9 109.7
Summer % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil 0.12% 0.87% 1.62%
50th percentile Winter Maximum Demand (MVA) 107.4 108.1 108.9 109.7 110.4 111.2 112.0 112.8 113.6 114.4
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Annual energy at risk (MWh)  [See Note 3 below] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.5
Annual hours at risk  [See Note 4 below] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.7
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00064 0.00236

Expected Annual Unserved Energy value [See Note 6 
below] $0 $0 $0 $0 $0 $0 $0 $1 $41 $151

 

Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage with 

a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 
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GEELONG TERMINAL STATION (GTS) 66kV 

Geelong Terminal Station (GTS) 66 kV consists of four 150 MVA 220/66 kV transformers.  
Due to the excessive fault levels associated with all four transformers operating in parallel, 
the B3 transformer currently operates as a hot standby with a normally open auto close 
scheme on its 66 kV circuit breaker. 

GTS is the main source of supply for over 127,500 customers in Geelong and the 
surrounding area.  The station supply area includes Geelong, Corio, North Shore, Drysdale, 
Waurn Ponds and the Surf Coast. 

Magnitude, probability and impact of loss of load 

Growth in summer peak demand at GTS has averaged around 1.1 MW (0.3%) per annum 
over the last 5 years.  The peak load on the station reached 371 MW in 2010.  It is noted 
that summer 2010/11 was a relatively mild summer, and therefore lower-than-usual 
maximum demands were observed at the station.  This is reflected in the growth rate 
referred to above. 

GTS 66 kV demand is summer peaking.  The graph below depicts the 10th and 50th 
percentile summer maximum demand forecast together with the station’s operational “N” 
rating (all transformers in service) and the “N-1” rating at 35°C ambient temperature.  As the 
B3 transformer currently operates on hot standby, the N-1 rating is equal to the N rating (3 
transformers on load in parallel).  This configuration commenced in 2011.  

GTS 66kV Summer Peak Forecasts
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The (N) rating on the chart indicates the maximum load that can be supplied from GTS with 
three transformers in service.  Exceeding this level will initiate automatic load shedding by 
SPI PowerNet’s automatic load shedding scheme. 
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Under system normal conditions (i.e. with three transformers available for service) and under 
(N-1) transformer outage conditions for the 50th percentile demand forecast, it is estimated 
that by 2014, there will be insufficient capacity to supply all load at the station.  This will lead 
to automatic load shedding of customers.   

The above estimate is based on an assumption of average (50th percentile) summer 
temperatures occurring in each year.  Under 10th percentile summer temperature conditions, 
it is estimated that by 2013, there will be insufficient capacity to supply all load at the station 
under (N) and (N-1) transformer outage conditions, resulting in the above scenario. 

Feasible options and preferred option for alleviation of constraints 

In November 2008, Powercor published an Application Notice in relation to the proposed 
augmentation of Geelong Terminal Station1.  A copy of the Application Notice can be 
downloaded from Powercor’s website at: 

http://www.citipower.com.au/docs/pdf/Electricity%20Networks/Powercor%20Network/
GTS%20Reg%20Test%20Application%20Notice_14%20Nov.pdf 

The Application Notice examined a number of options to address the emerging constraint at 
the station, including:  

• Establishment of a new 220/66 kV terminal station in the East Geelong area on an 
existing vacant terminal station site.  Development of this option was found to be 
uneconomic due to the high establishment costs and associated transmission 
augmentation costs.  

• Demand reduction:  Voluntary demand reduction could contribute to a reduction in 
loading at the terminal station during times of network constraint.  However, no firm 
offers from proponents of non-network alternatives were received in relation to 
Powercor’s proposal (foreshadowed in the 2005 Transmission Connection Planning 
Report) to install a fourth transformer.   

• Embedded generation, in the order of 150 MVA, connected to the GTS 66 kV bus, 
could substitute for additional transformer capacity at GTS.  However, no firm offers 
from proponents of non-network alternatives were received in relation to Powercor’s 
proposal (foreshadowed in the 2005 Transmission Connection Planning Report) to 
install a fourth transformer. 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at GTS, Powercor decided to implement its preferred option, which is described on 
page 5 of the Application Notice as follows: 

“The project which is the subject of this Application Notice involves the establishment of a 
fourth 220/66 kV transformer, to be operated initially on “normal open, auto-close” duty.  
Under this arrangement, the fourth transformer will operate on “hot stand-by”, and it will be 

                                                           
1  The Application Notice was prepared in accordance with, and meets the requirements of clause 5.6.6 of 

version 21 of the National Electricity Rules (NER).  It explains the rationale for the proposed fourth 
transformer at GTS with reference to the requirements of the regulatory test.  The Application Notice 
explained that the proposed fourth transformer at GTS is a transmission connection investment, so the 
regulatory test and the provisions in clause 5.6.6 of the NER are not strictly applicable to the proposed 
investment. Nevertheless, this Application Notice was intended to provide a further opportunity for 
interested parties to comment on the proposed investment, which had been foreshadowed in the annual 
Transmission Connection Planning Report since 2005. 
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automatically switched into operation if there is a forced outage of any one of the other three 
normal-running transformers.  The transformer is to be double-switched at 220 kV and single 
switched to the No 2 66 kV bus. 

Following the installation of the fourth transformer, Powercor’s network development plans 
envisage a second stage of works involving the permanent switching of the transformer on 
load, the creation of an open point between 66 kV buses 2 and 3, and the re-arrangement of 
66 kV feeders to balance loads and reduce fault levels at the station.  On present demand 
forecasts, these works are expected to be required in 2012.  For the purpose of this 
Application Notice the estimated costs of the second stage works form part of the proposed 
project.” 

The latest analysis of the magnitude, probability and impact of loss of load (set out above) 
confirms that proposed works to re-arrange the 66 kV exits at GTS to enable all four 
transformers to operate on load with reduced fault levels are required to be completed in 
2012, to support the peak summer demand for system normal conditions.  Accordingly, 
Powercor is proceeding with these works. 

This project is expected to be commissioned by late 2012. 
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HORSHAM TERMINAL STATION (HOTS) 66kV 

Horsham Terminal Station (HOTS) 66 kV consists of two 100 MVA 235/67.5 kV transformers and 
is the main source of supply for some 35,800 customers in Horsham and the surrounding area.  
The station supply area includes Horsham, Edenhope, Warracknabeal and Nhill.  The station also 
supplies Stawell via the inter-terminal 66 kV ties with Ballarat Terminal Station (BATS). 

Magnitude, probability and impact of loss of load 

HOTS 66 kV demand is summer peaking.  Growth in summer peak demand at HOTS has 
averaged around 2.0 MW (1.8%) per annum over the last 5 years.  The peak load on the station 
reached 85 MW in summer 2011. 

In 2007, as part of its asset replacement program, SPI PowerNet replaced the existing two 70 
MVA 235/67.5 kV transformers with 100 MVA units after approval from Powercor.  The capacity 
increase delivered by these works is depicted by the step increase in the N and N-1 station rating 
shown in the graph below. 

The graph depicts the 10th and 50th percentile summer maximum demand forecast together with 
the station’s operational “N” rating (all transformers in service) and the “N-1” rating at 35°C 
ambient temperature. 

HOTS 66kV Summer Peak Forecasts
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The graph shows that there is sufficient capacity at the station to supply all expected load over 
the forecast period, even with one transformer out of service.  Therefore, the need for 
augmentation or other corrective action is not expected to arise over the next ten years.  
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HEATHERTON TERMINAL STATION (HTS) 

Magnitude, probability and impact of loss of load 

HTS consists of three 150 MVA 220/66 kV transformers, and is the main source of supply for 
a major part of the southern metropolitan area.  The geographic coverage of the HTS supply 
area spans from Brighton in the north to Edithvale in the south. 

HTS 66 kV is critically loaded in summer.  The peak load on the station reached 341.1 MW 
(351.4 MVA) in summer 2009.  The recorded peak demand in summer 2011 was 327 MW 
(337 MVA), which was approximately 14 MW lower than the 2009 peak.  This is mainly 
attributed to the comparatively mild weather conditions observed during summer 2011.   

Major works completed to manage load at HTS over the last ten years have included: 

• sub-transmission line works to transfer about 40 MVA away from HTS prior to summer 
2002; and 

• establishment of a new terminal station at Cranbourne (CBTS) in 2005 to off-load HTS 
(and ERTS) prior to summer 2006.  United Energy transferred approximately 48 MW 
away from HTS to CBTS in September 2005. 

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational N rating (all transformers in service) and the N-1 rating 
at 35°C as well as 40°C ambient temperature. 
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The N rating on the chart indicates the maximum load that can be supplied from HTS with all 
transformers in service.  Exceeding this level will initiate SPI PowerNet’s load shedding 
scheme. 
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The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   
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Comments on Energy at Risk 

For an outage of one transformer at HTS, there will be insufficient capacity at the station to 
supply all demand at the 50th percentile temperature for about 63 hours in 2021.  The energy 
at risk under N-1 conditions is estimated at 1,790 MWh in summer 2021.  The estimated 
value to consumers of the 1,790 MWh of energy at risk is approximately $125.5 million 
(based on a value of customer reliability of $70,109/MWh)1.  In other words, at the 50th 
percentile demand level, and in the absence of any other operational response that might be 
taken to mitigate the impact of a forced outage, a major outage of one transformer at HTS 
over the summer of 2021 would be anticipated to lead to involuntary supply interruptions that 
would cost consumers $125.5 million. 

Typically, the probability of a major outage of a terminal station transformer occurring over 
the year is very low at about 1.0% per transformer per annum, whilst the expected 
unavailability per transformer per annum is 0.217%.  When the energy at risk (1,790 MWh in 
2021) is weighted by this low unavailability, the expected unserved energy is estimated to be 
around 11.6 MWh.  This expected unserved energy is estimated to have a value to 
consumers of around $810,500 (based on a value of customer reliability of $70,109/MWh).  
SPI PowerNet has indicated that all three of the transformers at HTS have an elevated failure 
rate due to the age and condition of the transformers.  Therefore the expected unserved 
energy calculated above may underestimate the risk at this station.  Given SPI PowerNet has 
plans in place to replace these transformers as part of its asset replacement program, the 
elevated failure rates are unlikely to advance any augmentation requirement at this terminal 
station. 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) temperatures occurring in 
each year.  Under 10th percentile temperature conditions, the energy at risk in 2021 is 
estimated to be 2,682 MWh.  The estimated value to consumers of this energy at risk in 2021 
is approximately $188 million.  The corresponding value of the expected unserved energy is 
around $1.21 million. 

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 
 MWh Valued at consumer 

interruption cost 

Energy at risk, at 50th percentile demand forecast 1,790 $125.5 million 

Expected unserved energy at 50th percentile demand 11.6 $810,500 

Energy at risk, at 10th percentile demand forecast 2,682 $188.0 million 

Expected unserved energy at 10th percentile demand 17.3 $1.21 million 

 

If one of the 220/66 kV transformers at HTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, the OSSCA2 load shedding scheme which is operated by 
SPI PowerNet’s NOC3 will act swiftly to reduce the loads in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load to 
the rated capability of the station would be restored at zone substation feeder level in 
accordance with United Energy’s operational procedures after the operation of the OSSCA 
scheme. 

In the case of HTS supply at maximum loading periods, and based on the Schedule of 
Priority Load Shedding recommended by the Demand Reduction Committee, the OSSCA 
scheme would shed about 100 MVA of load, affecting approximately 38,700 customers in 
2012.  

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Implement a contingency plan to transfer load to adjacent terminal stations.  United 
Energy has established and implemented the necessary plans that enable load transfers 
under contingency conditions, via both 66 kV subtransmission and 22 kV distribution 
networks.   

2. Install a fourth 220/66 kV transformer at HTS.    

3. Establish a new 220/66 kV terminal station in the Dandenong area.    

4. Demand Side Management: United Energy has developed a number of innovative 
network tariffs that encourage voluntary demand reduction during times of network 
constraints.  The amount of demand reduction depends on the tariff uptake and the 

                                                 
2  Overload Shedding Scheme of Connection Asset. 
3  Network Operations Centre 
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subsequent change in load pattern, and will be taken into consideration when 
determining the optimum timing for any future capacity augmentation. 

5. Embedded generation, in the order of 20 MVA, connected to the network supplied by 
HTS 66 kV bus, will help to defer the need for augmentation at HTS by one year. 

Preferred network option(s) for alleviation of constraints 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at HTS, it is proposed to: 

1. Implement the following temporary measures to cater for an unplanned outage of one 
transformer at HTS under critical loading conditions: 

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 

• fine-tune the OSSCA scheme settings in conjunction with NOC to minimise the 
impact on customers of any load shedding that may take place; and 

• subject to the availability of SPI PowerNet’s spare 220/66 kV transformer for 
metropolitan areas (refer to Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer. 

2. Establish a new 220/66 kV terminal station in the Dandenong area.   

Last year, the TCPR identified that a 4th transformer at HTS would be the preferred network 
option to alleviate the increasing load at risk.  It has now been determined that this may not 
be the most economic option for two reasons: 

• HTS is supplied on a radial double-circuit 220 kV transmission line from Rowville 
(ROTS) via Springvale (SVTS).  The connected demand on these lines is presently 
reliant on emergency short time ratings to remain within the N-1 rating of the 220 kV 
circuits.  Therefore the capacity provided by a fourth transformer at HTS may not be 
able to be utilised because of the 220 kV line constraints. 

• The anticipated timing of a 4th transformer at HTS coincides with a number of other 
significant sub-transmission and connection asset constraints in the Dandenong, 
Keysborough and Braeside areas, which a 4th transformer at HTS would not be able 
to resolve.  

Further analysis, including a Regulatory Test will be undertaken determine the preferred 
option for addressing this constraint, but at this stage a new 220/66 kV terminal station in 
Dandenong is the preferred network option. 

On the present forecasts, augmentation of capacity to address constraints at HTS is not 
likely to be economically justified within the ten year planning horizon, as the capital cost of 
installing a new 220/66 kV terminal station in Dandenong is estimated to be in excess of $60 
million.  The cost of establishing, operating and maintaining the new assets would be 
recovered from network users through network charges, over the life of the asset.  The 
estimated total annual cost of this network augmentation is approximately $6 million.  This 
cost provides a broad upper bound indication of the maximum network support payment 
which may be available to embedded generators or customers to reduce forecast demand, 
and to defer or avoid the transmission connection component of this augmentation.  Any non-
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network solution that defers this augmentation for say 1-2 years, will not have as much 
potential value (and contribution available from distributors) as a solution that eliminates or 
defers the augmentation for, say, 10 years.  Sections 1.5 and 1.6 of this report provide 
further background information to proponents of non-network solutions to emerging 
constraints. 

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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HEATHERTON TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: United Energy (100%) 
Station operational rating (N elements in service): 495 MVA via 3 transformers (Summer peaking) 
Summer N-1 Station Rating: 330 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating: 388 MVA 
 
Station: HTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

50th percentile Summer Maximum Demand (MVA) 348.2 352.7 359.2 367.8 374.2 383.0 388.9 394.9 405.7 413.8

Summer % Overload [See Note 2 below] 6% 7% 9% 11% 13% 16% 18% 20% 23% 25%

50th percentile Winter Maximum Demand (MVA) 263.7 268.4 274.7 279.4 285.7 290.0 294.4 302.2 308.2 314.0

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

Annual energy at risk (MWh)  [See Note 3 below] 108 148 219 338 456 660 823 1,009 1,418 1,790

Annual hours at risk  [See Note 4 below] 9 11 14 20 24 31 35 41 53 63
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.7 1.0 1.4 2.2 2.9 4.3 5.3 6.5 9.2 11.6

Expected Annual Unserved Energy value [See Note 6 
below] $49k $67k $99k $153k $206k $299k $373k $457k $642k $810k

 
 
 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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HEYWOOD TERMINAL STATION (HYTS) 22kV 

Heywood Terminal Station (HYTS) 22 kV consists of two 70 MVA 500/275/22 kV transformers 
and is the source of supply to Midway, a wood chipper in the local area and the only large 
customer supplied from this supply point.  A small number of domestic and farming customers 
along the line route are also supplied from this supply point.  

Magnitude, probability and impact of loss of load 

The peak load on the station reached 1.5 MW in summer 2011. 

The 22 kV point of supply was established in late 2009, by utilising the tertiary 22 kV on the 
existing 2 x 500/275/22 kV South Australian / Victorian interconnecting transformers.  The supply 
is arranged so that one transformer is on hot standby (on its tertiary 22 kV), due to excessive fault 
levels. 

The graph depicts the 10th and 50th percentile summer maximum demand forecast together with 
the station’s operational “N-1” rating at 35°C ambient temperature. 

HYTS 22kV Summer Peak Forecasts
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The graph shows that there is sufficient capacity at the station to supply all expected load over 
the forecast period, even with one transformer out of service. Therefore, the need for 
augmentation or other corrective action is not expected to arise over the next ten years. 
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KERANG TERMINAL STATION (KGTS) 66kV & 22kV 

Kerang Terminal Station (KGTS) 66 kV and 22 kV consists of three 35 MVA 235/66/22 kV 
transformers and is the main source of supply for over 18,828 customers in Kerang and the 
surrounding area.  The station supply area includes Kerang, Swan Hill and Cohuna. 

Growth in summer peak demand at KGTS is expected to average around 1.4 MVA (1.62%) 
per annum over the next ten years.  The peak load on the station reached 65.4 MVA (66 kV 
and 22 kV networks) in summer 2011. 

Magnitude, probability and impact of loss of load  

KGTS 66 kV demand is summer peaking.  The graph below depicts the 10th and 50th 
percentile summer maximum demand forecast together with the station’s operational “N” 
rating (all transformers in service) and the “N-1” rating at 35°C ambient temperature. 

 

The graph shows there is sufficient capacity at the station to supply all expected demand at 
the 50th percentile temperature, over the forecast period, even with one transformer out of 
service.  From 2020, there is load at risk at the 10th percentile temperature for the loss of a 
transformer and it is planned to use mobile generation to provide additional electricity supply 
in the event of a transformer outage.  Therefore, the need for augmentation is not expected 
to arise over the next ten years.  
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KEILOR TERMINAL STATION 66 kV (KTS 66 kV) 

Keilor Terminal Station is located in the north west of Greater Melbourne.  It operates at 
220/66 kV and supplies a total of approximately 210,000 Jemena Electricity Networks and 
Powercor customers in the Airport West, St. Albans, Sunshine, Melton, Woodend, Pascoe 
Vale, Essendon and Braybrook areas. 

Background 

KTS has five 150 MVA transformers connected to four 66 kV buses and is a summer critical 
station.  The station is operated with one of the five transformers, also known as KTS B5 
transformer, in “hot standby” mode and the No. 2-3 66 kV bus tie circuit breaker open for the 
purpose of limiting the magnitude of the fault level to within switchgear ratings.  In the event 
of an outage of one of the four “normally in-service” transformers, the B5 unit will be 
connected in automatically.  Therefore the “N” and “N-1” ratings are the same. 

The risk of supply interruption at Keilor Terminal Station (KTS) had previously been 
assessed as being unacceptable for summer 2009/10, and the installation of the new KTS 
B5 transformer at the existing Keilor Terminal station was identified (in the 2004, 2005 and 
2006 Transmission Connection Planning Reports) as the most economic network solution. 
The new KTS B5 transformer was intended to be operated in a “hot standby” mode initially 
for the purpose of limiting the magnitude of the fault level to within switchgear ratings.  Prior 
to committing to the preferred network solution, Jemena Electricity Networks and Powercor 
completed a public “Expression of Interest” process for non-network alternatives, via the 
publication of the Transmission Connection Planning Report in 2006.  At the conclusion of 
the expression of interest process on 28 February 2007, no firm proposals for alternatives to 
the network augmentation had been received.  In the absence of any commitment by 
interested parties to offer non-network solutions, Jemena Electricity Networks and Powercor 
proceeded to implement the proposed network solution.  

The new KTS B5 transformer was commissioned in early 2010.  Jemena Electricity Networks 
and Powercor had also conducted a joint planning study in 2008 which concluded that re-
configuring the station to enable the KTS B5 transformer to take load under system normal 
conditions by summer 2011/12 would be the most economic network solution to emerging 
constraints.  This project is now well underway and will result in KTS being split into two 
groups, KTS(B1,2,5) and KTS(B3,4) by May 2012. 

Once the project is completed, under system normal conditions, the No.1, No.2 & No.5 
transformers will be operated in parallel as one group (KTS(B1,2,5)) and supply the No.1, 
No.2 & No.5 66kV buses.  The No.3 & No.4 transformers will be operated in parallel as a 
separate group (KTS(B3,4)) and supply the No.3 & No.4 66 kV buses.  The 66 kV bus 3-5 
and bus 1-4 tie circuit breakers are operated in the normally open position to limit the 
maximum prospective fault levels on the five 66 kV buses to within switchgear ratings.  

For an unplanned transformer outage in the KTS(B3,4) group, the No.5 transformer will 
automatically change over to the KTS(B3,4) group.  Therefore, an unplanned transformer 
outage of any one of the five transformers at KTS will result in both the KTS(B1,2,5) and 
KTS(B3,4) groups being comprised of two transformers each.  Given this configuration, load 
demand on the KTS(B3,4) group must therefore be kept within the capabilities of the two 
transformers at all times or load shedding will occur. 

The graph below depicts the KTS operational “N” rating (for all four transformers in service), 
the “N-1” rating (for an outage of one transformer) and the 50th and 10th percentile summer 
maximum demand forecasts up to summer 2011/12.  
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KTS Summer Peak Forecasts
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The graph shows that with four transformers in service, there is inadequate capacity to meet 
the anticipated maximum load demand in 2012.  

As noted above, a project is well underway to increase the N rating of the station, and by 
May 2012, the station will be split into two groups, also known as KTS(B1,2,5) and 
KTS(B3,4).  For the coming summer of 2011/12, Jemena Electricity Networks and Powercor 
have developed a contingency plan to temporarily re-configure the station to enable the B5 
transformer to take load under system normal conditions.  This plan will increase the N rating 
of the station by opening 66 kV line loops across busses (to limit the maximum prospective 
fault levels on the existing four 66 kV buses to within switchgear ratings) and temporarily 
supplying three zone substations on radial. 

The contingency plan for the coming summer provides a station configuration which is similar 
to that which will be provided when the project presently underway (permanent splitting of the 
station into two groups) is complete.  Therefore, the analysis presented below shows the 
magnitude, probability and impact of loss of load at KTS assuming that the contingency plan 
is in place up until May 2012, after which time the work to permanently split KTS into two 
transformer groups will be completed.  The following sections examine the two transformer 
groups separately. 

Transformer group KTS (B1,2,5) Summer Peak Forecasts 

The graph below depicts the KTS (B1,2,5) rating with all transformers (B1, B2 & B5) in 
service (“N” rating), and with one of the three transformers out of service (“N-1” rating), along 
with the 50th and 10th percentile summer maximum demand forecasts from summer 2012 
onwards1. 

                                                 
1 Note that station transformer output capability rating and transformers’ loading is used. 
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KTS(B125) Summer Peak Forecasts
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The above graph shows that with all transformers in service, there is adequate capacity to 
meet the anticipated maximum load demand until 2015. However, if there is a forced 
transformer outage during peak load periods from 2012 onwards, some customers might be 
affected.  

Transformer group KTS (B3,4) Summer Peak Forecasts 

The graph below depicts the summer maximum demand forecasts (for 50th and 10th 
percentile temperatures) for KTS (B3,4) and the corresponding rating with both transformers 
(B3 & B4) operating.  It shows that with all transformers in service, there is adequate capacity 
to meet the anticipated maximum load demand until 2015, even under a transformer outage 
condition.  From 2015 onwards, there is insufficient capacity to meet the anticipated 
maximum load demand for the remainder of the forecast period. 

 

KTS(B34) Summer Peak Forecasts
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Magnitude, probability and impact of loss of load at KTS 

The magnitude, probability and load at risk for the two transformer groups are considered 
together below.  

System Normal Condition (All 5 transformers in service) 

The bar chart below depicts the energy at risk under system normal conditions for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N capability rating.  The line graph shows the value to consumers 
of the expected unserved energy in each year, for the 50th percentile demand forecast.  It 
should be noted that the energy at risk is the same as the expected unserved energy in each 
year under system normal (N) condition because the B5 transformer will be normally 
operated in parallel with the KTS (B1,2,5) group.  It should also be noted that the chart below 
presents the forecasts following the planned installation by summer 2013/14 of a 100 MVAr 
capacitor bank at the station.  The proposed capacitor bank will improve the power factor and 
reduce the transformer load.  

Annual Energy and Hours at Risk and Expected Customer Value at KTS 
under system normal condition
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N-1 System Condition 

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating for the KTS(B1,2,5) group.  The line graph 
shows the value to consumers of the expected unserved energy in each year, for the 50th 
percentile demand forecast. 
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Annual Energy and Hours at Risk and Expected Customer Value at KTS 
under (N-1) condition
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Comments on Energy at Risk at KTS 

Once the current project at the station is completed in May 2012, there will be sufficient 
capacity at the station to supply all customer demand until 2017 under system normal 
condition for the 50th percentile demand forecast.  However from 2012 onwards, for a major 
outage of one transformer at KTS 66 kV over the summer peak load period, there would be 
insufficient capacity at the station to supply all customer demand.  

By summer 2016/17, the energy that would not be supplied under system normal (N 
condition) and a transformer outage (N-1 condition) on the KTS transformer groups is 
estimated to be 3.2 MWh and 10,128 MWh respectively for the 50th percentile demand 
forecast.  Over the summer 2016/17 period, there would be insufficient capacity to meet 
demand for about 1 hour and 222 hours in that year for N and (N-1) conditions respectively.  
The estimated value to consumers of the 3.2 MWh and 10,128 MWh of the energy not 
supplied is approximately $192,973 and $607.7 million respectively (based on a value to 
customer reliability of $60,000/ MWh)2.  In other words, at the 50th percentile summer 
demand level, and in the absence of any other operational response that might be taken to 
mitigate impacts on customers: 

• under system normal conditions over the summer of 2016/17, insufficient capacity at 
KTS would be expected to lead to involuntary supply interruptions that would cost 
consumers $192,973; and 

• a major outage of one transformer at KTS over the summer of 2016/17 would be 
anticipated to lead to further involuntary supply interruptions that would cost 
consumers $607.7 million.  

It is emphasised however, that the probability of a major outage of one of the five 
transformers is very low, at about 1.0% per transformer per annum, whilst the expected 
unavailability per transformer per annum is 0.217%.  When the energy at risk (10,128 MWh) 
                                                 
2  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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is weighted by this low transformer unavailability, the expected unserved energy (for loss of 
one transformer) is estimated to be around 109.7 MWh.  Combining this with the energy that 
would not be supplied (3.2 MWh) under system normal conditions, the total expected 
unserved energy is estimated to have a value to consumers of around $6.8 million. 

It should also be noted that the above estimates are based on an assumption of average 
(50th percentile) summer temperatures occurring in each year.  Under 10th percentile 
summer temperature conditions, the customer demand increases significantly due to air 
conditioning loads.  At the 10th percentile demand forecast, the energy that would not be 
supplied in the summer of 2016/17 for N and (N-1) conditions is estimated to be 916.3 MWh 
and 15,335 MWh respectively.  The estimated value to consumers of this energy in the 
summer of 2016/17 for N and (N-1) conditions is approximately $55.0 million and $920.1 
million respectively.  The total corresponding value of the expected unserved energy is 
approximately $65 million. 

These key statistics for the summer of 2016/17 under N and (N-1) outage conditions are 
summarised in the table below. 

 MWh Valued at 
consumer 

interruption cost

Energy not supplied at 50th percentile demand 
forecast under N condition 3.2 $192,973 

Energy at risk, at 50th percentile demand forecast 
under N-1 outage condition 10,128 $607.7 million 

Expected unserved energy at 50th percentile demand 
under N-1 outage condition 109.7 $6.6 million 

Total expected unserved energy at 50th percentile 
demand for N and N-1 conditions 112.9 $6.8 million 

Energy not supplied at 10th percentile demand 
forecast under N condition 916.3 $55.0 million 

Energy at risk, at 10th percentile demand forecast 
under N-1 outage condition 15,335 $920.1 million 

Expected unserved energy at 10th percentile demand 
under N-1 outage condition 166.1 $10.0 million 

Total expected unserved energy at 10th percentile 
demand for N and N-1 conditions 1,082.4 $65.0 million 

 

Possible Impact on Customers 

System Normal Condition (All 5 transformers in service) 

Applying the 50th percentile demand forecast, it is anticipated that load shedding of 5.5 MVA 
in 2016/17 increasing to 127.0 MVA in 2020/21 would be required to limit the load to within 
the rated capacity of the station.  This would affect approximately 1,800 customers in 
2016/17, increasing to 42,300 in 2020/21, under system normal condition.  This indicates that 
major action will be required during the forecast period to alleviate this emerging constraint. 
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N-1 System Condition 

If one of the KTS 220/66 kV transformers is taken off line during peak loading times, causing 
the KTS (B1,2,5) rating to be exceeded, the OSSCA3 load shedding scheme which is 
operated by SPI PowerNet’s TOC4 will act swiftly to reduce the loads in blocks to within 
transformer capabilities.  Any load reductions that are in excess of the minimum amount 
required to limit load to the rated capability of the station would be restored after the 
operation of the OSSCA scheme, at zone substation feeder level in accordance with 
Jemena EN’s and Powercor’s, operational procedures. 

In the summer of 2016/17, at maximum loading periods, based on the Schedule of Priority 
Load Shedding recommended by the Demand Reduction Committee, the OSSCA scheme 
would automatically shed about 168.8 MVA of the KTS supply load.  This would affect 
approximately 56,300 customers.  

Applying the 50th percentile demand forecast, the energy at risk increases from 450.8 MWh 
in 2011/12 to 23,427.7 MWh in 2020/21.  For the same period, the expected unserved 
energy increases from 4.9 MWh in 2011/12 to 253.8 MWh in 2020/21.  This indicates that 
major action will be required during the forecast period to alleviate this emerging constraint. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or alleviate the emerging constraint over the next ten year planning 
horizon: 

1. Installation of Reactive Compensation at KTS, followed by the establishment of a new 
Terminal Station at Deer Park.  

The most likely long term viable solution for the next stage of augmentation at Keilor 
Terminal Station includes the installation of a 100 MVAr capacitor bank on the KTS(B3,4) 
group to improve the power factor and to reduce the transformer load.  This would be 
followed by the establishment of a new 220/66kV Terminal Station at Deer Park on a site 
already reserved for this purpose.  This development path is consistent with AEMO’s long 
term plan to augment 220 kV capacity in the area by connecting into future terminal 
stations at Deer Park and Tarneit from a proposed terminal station at Truganina 
connected to the 500 kV transmission line. 

2. Establishment of 6th Transformer at KTS, followed by the establishment of a new 
Terminal Station at Deer Park.  

The establishment of the 6th transformer at KTS on the KTS(B3,4) group, followed by the 
establishment of a new 220/66 kV Deer Park Terminal Station will alleviate the emerging 
constraint.  However, this option is likely to cost more than Option 1. 

3. Installation of Reactive Compensation or 6th Transformer at KTS, followed by the 
establishment of new 500/220 kV and 220/66 kV transformation at Sydenham Terminal 
Station.  This option is likely to be technically feasible and more expensive than Options 1 
and 2 because the transmission voltage that exists at Sydenham Terminal Station is 
500 kV and it usually costs more to transform to 66 kV from 500 kV than it does from 
220 kV.  

                                                 
3  Overload Shedding Scheme of Connection Asset. 
4  Transmission Operations Centre. 
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4. Embedded generation.  An alternative option to the network solution could be the 
establishment of an embedded generator, suitably located in the area that is presently 
supplied by KTS. 

5. Demand Management.  Another alternative option could be the introduction of demand 
management to reduce the magnitude of the summer peak demands under network 
emergencies.  This might involve the introduction of interruptible load, negotiated with 
customers at reduced prices, with an agreement that the load can be interrupted during 
times of network constraint. 

Preferred network option(s) for alleviation of constraints 

The risk of supply interruption at Keilor Terminal Station (KTS) has previously been assessed 
as being unacceptable for summer 2016/17, and the following proposed network option was 
identified (in the 2010 Transmission Connection Planning Report) as the most economic 
network solution by both Jemena Electricity Networks and Powercor.   

1. Install a 100 MVAr capacitor bank on the KTS(B3,4) group by summer 2013/14 at an 
estimated capital cost of $6 million, to improve the power factor and to reduce the 
transformer load; and 

2. Establish a new 220/66 kV terminal station at Deer Park and associated 66 kV sub-
transmission lines by summer 2016/17 at an estimated capital cost of $125 million, to 
transfer load from KTS(B1,2,5) and KTS(B3,4) groups to the new terminal station. 

Jemena Electricity Networks and Powercor completed a public “Expression of Interest” 
process for non-network alternatives, via the publication of the Transmission Connection 
Planning Report in 2010.  Also in 2011, Jemena and Powercor provided potential proponents 
of non-network solutions with information on capacity constraints at KTS, supply risks and 
potential opportunities for provision of network support services.  At the conclusion of the 
expression of interest process on 1st December 2011, no firm proposals for alternatives to 
the network augmentation had been received.  In the absence of any commitment by 
interested parties to offer non-network solutions, Jemena Electricity Networks and Powercor 
intend to proceed with the next stage of the process by completing a joint Regulatory Test 
with AEMO over the coming months. 

In the meantime, the risk to supply reliability will be mitigated through the following temporary 
measures:   

• During very high load days for summer 2011/12 utilise a contingency plan to place the 5th 
transformer on load temporarily by opening 66 kV line loops across busses without 
exceeding fault level limitation to provide more capacity; 

• Following commissioning of the 5th transformer on load in May 2012, balance the load 
between the two bus groups at KTS so that the load on each bus group is kept below its 
respective N rating; 

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 

• fine-tune the OSSCA scheme settings in conjunction with SPI PowerNet’s TOC to 
minimise the impact on customers of any automatic load shedding that may take place; 
and  

• Subject to the availability of the SPI PowerNet spare 220/66 kV transformer for urban 
areas (refer section 4.5), this spare transformer could be installed at KTS and used to 
temporarily replace a failed transformer. 
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The tables on the following pages provide more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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KEILOR TERMINAL STATION UNDER N AND N-1 CONDITIONS (KTS(B1,2,5) TRANSFORMER GROUP)5
 

Detailed data: Magnitude and probability of loss of load 
 
Distribution Businesses supplied by this station:                             Jemena EN (64%), Powercor (36%) 
Normal cyclic rating with all plant in service                                     509 MVA (Summer peaking) 
Summer N-1 Station Transformer Rating:                                        339 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Transformer Rating:                                           353 MVA 

 
Station: KTS(B125) 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
50th percentile Summer Maximum Demand (MVA) 393 431 461 477 495 508 521 535 548 563 
Summer % Overload [See Note 2 below] 16% 27% 36% 41% 46% 50% 54% 58% 62% 66% 
50th percentile Winter Maximum Demand (MVA) 289 322 337 349 364 372 381 390 399 409 
Winter % Overload [See Note 2 below] 0% 0% 0% 0% 3% 5% 8% 10% 13% 16% 
Annual energy at risk (MWh)  [See Note 3 below] 451 2,027 4,337 5,897 8,149 10,128 12,567 15,498 19,091 23,679 
Annual hours at risk  [See Note 4 below] 27 74 118 137 182 222 281 341 427 545 
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 

5 22 47 64 88 110 143 196 369 505 

Expected Annual Unserved Energy value [See 
Note 6 below] 

$293 k $1,318 k $2,819 k $3,833 k $5,297 k $6,583 k $8,559 k $11,758 k $22,149 k $30,292 k 

Notes: 
1. “N-1” means cyclic station transformer output capability rating with outage of one transformer. The rating is at an ambient temperature of 38.5 degrees Centigrade as this 

is the typical temperature where 50% PoE loads are likely to occur at KTS. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. "Annual energy at risk" is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.  
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an 

outage with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 
 

                                                 
5 Note that risk assessment for this station is carried out using station transformers’ rating and loading. 
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KEILOR TERMINAL STATION UNDER N and N-1 CONDITIONS (KTS(B3,4) TRANSFORMER GROUP)6

Detailed data: Magnitude and probability of loss of load 
 
Distribution Businesses supplied by this station:                         Jemena EN (31%), Powercor (69%) 
Normal cyclic rating with all plant in service:                                321 MVA (Summer peaking) 
Summer N-1 Station Transformer Rating:                                    321 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Transformer Rating:                                       344 MVA 

 
Station: KTS34 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
50th percentile Summer Maximum Demand (MVA) 296 292 284 298 312 326 342 358 376 394 
Summer % Overload [See Note 2 below] 0% 0% 0% 0% 0% 2% 7% 12% 17% 23% 
50th percentile Winter Maximum Demand (MVA) 236 232 238 248 258 269 280 291 304 317 
Winter % Overload [See Note 2 below] 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Annual energy at risk (MWh)  [See Note 3 below] 0 0 0 0 0 3 53 202 554 1,125 
Annual hours at risk  [See Note 4 below] 0 0 0 0 0 1 5 16 29 51 
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 

0 0 0 0 0 3 53 202 554 1,125 

Expected Annual Unserved Energy value [See 
Note 6 below] $- k $- k $- k $- k $- k $193 k $3,200 k $12,103 k $33,210 k $67,508 k 

Notes: 
1. “N-1” means cyclic station transformer output capability rating with outage of one transformer. The rating is at an ambient temperature of 38.5 degrees Centigrade as this 

is the typical temperature where 50% PoE loads are likely to occur at KTS. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. "Annual energy at risk" is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.  
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an 

outage with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 

                                                 
6 Note that risk assessment for this station is carried out using station transformers’ rating and loading. The station transformers’ load forecast includes 100MVAr capacitor 

bank installation by summer 2013/14. 
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MT BEAUTY TERMINAL STATION 66 kV (MBTS 66 kV) 

Mt Beauty Terminal Station is the main point of connection into the 220 kV electricity grid for 
Victoria’s Kiewa hydro generation resources.  The power stations include West Kiewa, 
McKay, Dartmouth, Clover and Eildon.  MBTS is also the source of 66 kV supply for the 
alpine areas of Mt Hotham and Falls Creek along with the townships of Bright, Myrtleford 
and Mount Beauty.  The station has two 220/66 kV 50 MVA transformers which were 
installed in 2005 as part of SPI PowerNet’s asset replacement program.  One transformer is 
in service with the other available as a hot spare that can be brought into service in 
approximately 4 hours.  In addition, supply can also be taken from Clover Power Station and 
the 66 kV tie to Glenrowan Terminal Station via Myrtleford.  It is SPI Electricity’s 
responsibility to plan the electricity supply network for this region.   

Magnitude, probability and impact of loss of load 

MBTS is a winter peaking station and growth in winter peak demand on the MBTS 66 kV bus 
is expected to be approximately 0.9% per annum for the next few years.  The peak load on 
the station reached 48.4 MVA in winter 2009, whereas the station peak reached 44.2 MVA in 
winter 2011.  The summer peak is approximately 73% of the winter peak.   

In light of the current and expected future network configuration, and in keeping with the 
approach adopted by AEMO in its planning studies, the “N-1” scenario for MBTS is the loss 
of the 66 kV line to Clover Power Station.    

The graph below depicts the 10th and 50th percentile winter maximum demand forecast 
together with the station’s operational “N” rating (all transformers in service) and the “N-1” 
rating at an ambient temperature of 5°C.  With the forecast growth rates, MBTS 66 kV is not 
expected to reach its “N-1” winter station rating during 10 year planning horizon.  

MBTS 66 kV Winter Peak Forecasts
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The above analysis does not include the possibility of loss of load for the short period of 
about 4 hours that it takes to change over from the in-service transformer to the hot spare 
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transformer.  The 66 kV tie line to Glenrowan Terminal Station can support about 25 MW of 
MBTS load and this tie line is operated normally closed so if the load is below this limit there 
will not be any loss of customer load during a transformer outage.  The Clover Power Station 
can generate around 26 MW and so any generation would also minimise the likelihood of the 
loss of customer load during a transformer outage. 

It is recognised that at times of high demand and with low output from Clover Power Station 
a transformer outage at MBTS could result in the loss of some customer load for a short 
period of no more than 4 hours.   

The energy at risk for a major transformer outage1 in this situation (taking account of the 
limited 66 kV tie line capability) is significant at around 5,090 MWh in winter 2012 and rising 
to 7508 MWh by 2021  However, given that the hot spare transformer can be made available 
within 4 hours, the expected outage duration in the case of a major transformer failure at 
MBTS is 4 hours (rather than 2.6 months).  Accordingly, the probability of the transformer 
being unavailable in this particular case is only 0.000457%.  The expected unserved energy 
at MBTS is therefore less than 0.1 MWh in 2021 and this is estimated to have a value to 
consumers of around $6,400 (based on a value of customer reliability of $64,523/MWh).2  
Full switching of the hot spare transformer with new 220 kV and 66 kV circuit breakers would 
eliminate this risk but this is estimated to cost around $1,800,000 so it is not economic to 
carry out this work during the next 10 year planning horizon.    

                                                           
1  In this report, “major transformer outage” means an outage that has a mean duration of 2.6 months.   
2   The value of unserved energy is derived from the sector values given in Table 1 of section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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MALVERN 22 kV TERMINAL STATION (MTS 22 kV) 

MTS 22 kV is the source of supply for over 12,700 customers in Burwood, Ashwood, Glen Iris, 
Mount Waverley and Surrey Hills.  The station underwent a refurbishment in 2007 when the 
asset owner, SPI PowerNet, replaced aged transformers and switchgear including protection 
and control equipment at the station.  The project was part of SPI PowerNet’s asset 
replacement program, and included replacement of the three old 45/55 MVA 220/22 kV 
transformers with two new 40/60 MVA 66/22 kV transformers.  These transformers are supplied 
from existing 140/225 MVA 220/66 kV transformers at MTS (refer also to the Risk Assessment 
for MTS 66 kV). 

In addition to asset replacement works at MTS 22 kV by SPI PowerNet, two major 22 kV to 
66 kV conversion projects initiated by United Energy (UE) on its network, resulted in load 
transfers from MTS 22 kV to MTS 66 kV being commenced in 2001.  The reduction in station 
summer maximum demand from 89.3 MVA in 2001 to 34.5 MVA in 2011, shown in the graph 
below, is attributed to the conversion works by UE.   

Magnitude, probability and impact of loss of load 

In addition to historical summer maximum demands, the graph depicts the 10th and 50th 
percentile summer maximum demand forecast together with the station’s operational N rating 
(all transformers in service) and the N-1 rating at 35°C as well as 40°C ambient temperature.   
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On the present forecasts it is projected that demand at MTS 22 kV will remain well within the  
N-1 thermal rating of the new 45/55 MVA 220/22 kV transformers over the next ten years, as 
shown above.  Hence, the need for augmentation of transmission connection assets at MTS 
22kV is not expected to arise over the next decade. 
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MALVERN 66 kV TERMINAL STATION (MTS 66 kV) 

MTS 66 kV is the main source of supply for over 63,000 customers in Elsternwick, Caulfield, 
Carnegie, Malvern East, Ashburton, Chadstone, Oakleigh, Ormond, Murrumbeena, 
Hughesdale and Bentleigh East.  The station underwent a refurbishment in 2007 when the 
asset owner, SPI PowerNet, replaced aged transformers and switchgear including protection 
and control equipment at the station.  The project was part of SPI PowerNet’s asset 
replacement program, and included replacement of the three old 45/55 MVA 220/66 kV 
transformers with two new 140/225 MVA 220/66 kV transformers.  These transformers 
support the demand of both 66 kV and 22 kV networks ex MTS (refer also to the Risk 
Assessment for MTS 22 kV). 

Magnitude, probability and impact of loss of load 

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational N rating (all transformers in service) and the N-1 rating 
at 35°C as well as 40°C ambient temperature. 
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The N rating on the chart indicates the maximum load that can be supplied from MTS 66 kV 
with all transformers in service.  Exceeding this level will initiate SPI PowerNet’s automatic 
load shedding scheme. 

 

The graph above shows that with one transformer out of service the projected demand will 
remain within the N-1 capability rating for the 50th percentile demand forecast over the ten 
year planning horizon.  However, for 10th percentile demand forecast it is expected that the 
N-1 capability will be exceeded in around 2019. 
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Comments on Energy at Risk 

For an outage of one transformer at MTS 66kV, there will be sufficient capacity at the station 
to supply all demand at the 50th percentile temperature within the 10 year planning horizon.   

Under 10th percentile temperature conditions, the energy at risk under N-1 conditions is 
estimated to be 107 MWh in summer 2021.  The estimated value to consumers of the 107 
MWh of energy at risk is approximately $6.4 million (based on a value of customer reliability 
of $59,971/MWh)1.   

It is emphasised however, that the probability of a major outage of one of the two 
transformers occurring over the year is very low at about 1.0% per transformer per annum, 
whilst the expected unavailability per transformer per annum is 0.217%.  At the 10th 
percentile level, when the energy at risk, 107 MWh in 2021 is weighted by this low 
unavailability, the expected unserved energy is estimated to be around 0.5 MWh.  This 
expected unserved energy is estimated to have a value to consumers of around $27,600. 

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 
 MWh Valued at consumer 

interruption cost 

Energy at risk, at 50th percentile demand forecast Nil Nil 

Expected unserved energy at 50th percentile demand Nil Nil 

Energy at risk, at 10th percentile demand forecast 107 $6.4 million 

Expected unserved energy at 10th percentile demand 0.5 $27,600 

 

If one of the 220/66 kV transformers at MTS 66 kV is taken off line during peak loading times 
and the N-1 station rating is exceeded, the OSSCA2 load shedding scheme which is 
operated by SPI PowerNet’s TOC3 will act swiftly to reduce the loads in blocks to within safe 
loading limits.  Any load reductions that are in excess of the minimum amount required to 
limit load to the rated capability of the station would be restored at zone substation feeder 
level in accordance with United Energy’s operational procedures after the operation of the 
OSSCA scheme. 

In the case of MTS 66 kV supply at maximum loading periods, and based on the Schedule of 
Priority Load Shedding recommended by the Demand Reduction Committee, the OSSCA 
scheme would shed about 65 MVA of load, affecting approximately 26,500 customers.  

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Implement a contingency plan to transfer load to adjacent terminal stations.  United 
Energy has established and implemented the necessary plans that enable load transfers 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station 
2  Overload Shedding Scheme of Connection Asset. 
3  Transmission Operations Centre 
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under contingency conditions, via both 66 kV subtransmission and 22 kV distribution 
networks.   

2. Install a third 140/225 MVA 220/66 kV transformer at MTS 66 kV.    

3. Demand Side Management:  United Energy has developed a number of innovative 
network tariffs that encourage voluntary demand reduction during times of network 
constraints.  The amount of demand reduction depends on the tariff uptake and the 
subsequent change in load pattern, and will be taken into consideration when 
determining the optimum timing for any future capacity augmentation. 

4. Embedded generation, in the order of 20 MVA, connected to the network supplied by 
MTS 66 kV bus, will help to defer the need for augmentation at MTS 66 kV by one year. 

Preferred network option(s) for alleviation of constraints 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at MTS 66 kV, it is proposed to: 

1. Implement the following temporary measures to cater for an unplanned outage of one 
transformer at MTS 66 kV under extreme loading conditions: 

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the 
impact on customers of any automatic load shedding that may take place; and 

• Subject to the availability of SPI PowerNet’s spare 220/66 kV transformer for 
metropolitan areas (refer to Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer. 

2. Install a third 140/225 MVA 220/66 kV transformer at MTS 66kV.   

On the present forecasts an additional 220/66 kV transformer is not likely to be required 
within the ten year planning horizon.  The capital cost of installing a 220/66 kV transformer at 
MTS 66 kV is estimated to be $16 million.  The cost of establishing, operating and 
maintaining a new transformer would be recovered from network users through network 
charges, over the life of the asset.  The estimated total annual cost of this network 
augmentation is approximately $1.6 million.  This cost provides a broad upper bound 
indication of the maximum network support payment which may be available to embedded 
generators or customers to reduce forecast demand, and to defer or avoid the transmission 
connection component of this augmentation.  Any non-network solution that defers this 
augmentation for say 1-2 years, will not have as much potential value (and contribution 
available from distributors) as a solution that eliminates or defers the augmentation for, say, 
10 years.  Sections 1.4 and 1.5 of this report provide further background information to 
proponents of non-network solutions to emerging constraints. 

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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MALVERN TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: United Energy Distribution (100%) 
Station operational rating (N elements in service): 526 MVA via 2 transformers (Summer peaking) 
Summer N-1 Station Rating: 263 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating: 303 MVA 
 
Station: MTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

50th percentile Summer Maximum Demand (MVA) 212.5 215.9 220.4 226.4 231.0 236.9 241.0 245.7 253.1 258.7

Summer % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

50th percentile Winter Maximum Demand (MVA) 173.7 177.2 181.8 185.3 189.9 193.0 196.5 202.3 206.5 210.7

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

Annual energy at risk (MWh)  [See Note 3 below] 0 0 0 0 0 0 0 0 0 0

Annual hours at risk  [See Note 4 below] 0 0 0 0 0 0 0 0 0 0
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Expected Annual Unserved Energy value [See Note 6 
below] $k $k $k $k $k $k $k $k $.0k $.0k

 
 
 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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MORWELL TERMINAL STATION (MWTS) 66 kV (MWTS 66 kV) 

Morwell Terminal Station 66 kV is supplied by two 165 MVA 220/66 kV transformers and one 
150 MVA 220/66 kV transformer and by Morwell Power Station (MPS) generators via three 
short 66 kV lines.  MWTS 66 kV is the main source of supply for a major part of south-
eastern Victoria including Gippsland and spanning from Phillip Island, Wonthaggi, 
Leongatha in the west; to Moe and Traralgon in the central area; to Omeo in the north; and 
to Bairnsdale and Mallacoota in the east.   

Magnitude, probability and impact of loss of load 

MWTS 66 kV is a summer peaking station which reached 457 MW (485 MVA) in January 
2009.  The recorded peak demand in summer 2011 was 394.4MW (408.6 MVA), which was 
approximately 63 MW lower than the 2009 peak.  This is attributed to the mild weather 
conditions observed during summer 2010/11.  

Growth in peak demand at MWTS 66 kV has averaged around 5 MW (1.5%) per annum 
over the last 6 years and is forecast to continue at this level for the next few years.  

MWTS 66 kV is loaded above the “N-1” station rating in summer.  Assessment of the energy 
at risk at MWTS 66 kV needs to take into account the generation from Morwell Power 
Station (MPS) which is connected to the MWTS 66 kV bus via three short 66 kV lines.  MPS 
generation comprises three generating units of approximately 25 MVA capacity that operate 
essentially continuously.  There are times when one unit is taken out for maintenance or 
when plant operates at reduced power output.  Typically however, the units contribute 
between 50 and 80 MVA.  For risk assessment purposes a contribution of 50 MVA is 
assumed as the MPS contribution has rarely fallen below 50 MVA. 

HRL Limited (the owner of MPS) has lodged an expression of interest in response to the 
Federal Government’s Clean Energy Future package regarding the future operation of its 
Energy Brix facility based in Morwell.  The Government intends, by 30 June 2012, to enter 
into contracts for closure of highly emission-intensive electricity generation by 2020.  It is 
understood that any plant closures agreed to under this initiative would not take effect before 
2016.  SPI Electricity will continue to monitor this situation closely, and to review its plans for 
addressing constraints at MWTS in light of the potential impacts of the Government’s Clean 
Energy Future policy.  

Similar to MPS, the output from the two 40 MVA generators installed at the Bairnsdale 
Power Station also reduce the loading on the three 220/66 kV transformers at MWTS via the 
extensive 66 kV subtransmission network in east Gippsland.  Bairnsdale Power Station 
(BPS) is contracted to provide network support over the night-time hot water demand peak 
at an output of up to 40 MVA but frequently generates up to its maximum output of 80 MVA 
during the summer period.  There is no firm commitment that BPS generation will be 
available to offset transformer loading at MWTS; however the times of peak demand at 
MWTS generally coincide with periods of high wholesale electricity prices, resulting in a high 
likelihood that BPS will be generating.   

The “N–1” and “N” ratings shown on the graph below include the transformer capacity as 
well as the assumed 50 MVA contribution from MPS.  For example the 379 MVA “N–1” 
rating includes the 329 MVA capacity of two 220/66 kV transformers and 50 MVA from MPS.  
The graph also shows the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational “N” rating (all transformers in service plus 50 MVA 
from MPS) and the “N-1” rating at an ambient temperature of 35°C.  The N rating on the 
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chart indicates the maximum load that can be supplied from MWTS 66 kV with all 
transformers in service.   

Loading at MWTS is expected to exceed the station’s N-1 rating for the entire planning 
period between 2011/12 to 2020/21, when the generation from both Morwell and Bairnsdale 
Power Stations is excluded.  However, when the maximum output from both Morwell and 
Bairnsdale Power Stations is included, there would be no energy at risk at MWTS under N-1 
conditions in the current planning period.  

The winter forecast demand at MWTS 66 kV is not expected to reach the station’s “N-1” 
winter rating before 2021, irrespective of generation contributions from Morwell or Bairnsdale 
Power Stations. 

MWTS 66 kV Summer Peak Forecasts excluding BPS generation
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Annual Energy and Hours at Risk at MWTS 66 kV (Single Contingency Only)
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The bar chart above depicts the energy at risk with one transformer out of service for the 
50th percentile demand forecast, and the hours per year that the 50th percentile demand 
forecast is expected to exceed the N-1 capability. The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   

Comments on Energy at Risk (assuming BPS is not available and MPS is 
generating 50 MVA) 

As noted above, Bairnsdale Power Station is contracted to be available to provide network 
support over the night-time hot water demand peak at an output of up to 40 MVA but 
frequently generates up to its maximum output of 80 MVA during the summer period.  The 
analysis below assumes that Bairnsdale Power Station is not available, but Morwell Power 
Station output is 50 MVA. 

For an outage of one transformer at MWTS 66 kV over the entire summer period, there will 
be insufficient capacity at the station to supply all demand at the 50th percentile temperature 
for about 126 hours in summer 2020/21.  The energy at risk under N-1 conditions is 
estimated to be 3,202 MWh in summer 2020/21.  The estimated value to consumers of the 
3,202 MWh of energy at risk is approximately $205 million (based on a value of customer 
reliability of $64,122/MWh).1  In other words, at the 50th percentile demand level, and in the 
absence of any generation contribution at MWTS 66 kV or any other operational response 
that might be taken to mitigate the impact of a forced outage, a major outage of one 
transformer at MWTS 66 kV over the summer of 2020/21 would be anticipated to lead to 
involuntary supply interruptions that would cost consumers $205 million.   

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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It is emphasised however, that the probability of a major outage of one of the three 
transformers occurring over the year is very low, at about 1.0% per transformer per annum, 
whilst the expected unavailability per transformer per annum is 0.217%.  When the energy at 
risk (3,202 MWh for summer 2020/21) is weighted by this low unavailability, the expected 
unsupplied energy is estimated to be 20.8 MWh.  This expected unserved energy is 
estimated to have a value to consumers of around $1.3 million, (based on a value of 
customer reliability of $64,122/MWh). 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of moderate summer temperatures occurring in each 
year.  Under more extreme summer temperature conditions (that is, at the 10th percentile 
level), the energy at risk in 2020/21 is estimated to be 8,877 MWh.  The estimated value to 
consumers of this energy at risk in 2020/21 is approximately $569 million.  The 
corresponding value of the expected unserved energy is approximately $3.7 million. 

These key statistics for the year 2020/21 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 3,202 $205 million 

Expected unserved energy at 50th percentile demand 20.8 $1.3 million 

Energy at risk, at 10th percentile demand forecast 8,877 $569 million 

Expected unserved energy at 10th percentile demand 57.8 $3.7 million 

 

If one of the 220/66 kV transformers at MWTS is taken off line during peak loading times and 
the “N-1” station rating is exceeded, then the Overload Shedding Scheme for Connection 
Assets (OSSCA) which is operated by SPI PowerNet’s TOC2 to protect the connection 
assets from overloading3, will act swiftly to reduce the load in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load 
to the rated capability of the station would be restored at zone substation feeder level in 
accordance with SPI Electricity’s operational procedures after the operation of the OSSCA 
scheme. If OSSCA operates at MWTS, it would shed about 110 MVA of load, affecting 
approximately 46,000 customers.  

Comments on Energy at Risk (assuming BPS is available and MPS output is 50 
MVA)  

The previous comments on the energy at risk are based on the assumption that there is only 
50 MVA of generation from Morwell Power Station and no other embedded generation 

                                                           
2  Transmission Operation Centre. 
3   OSSCA is designed to protect against transformer damage caused by overloads.  Damaged 

transformers can take months to replace which can result in prolonged, long term risks to reliability of 
customer supply.  
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available to offset the 220/66 kV transformer loading. As already noted, Morwell Power 
Station usually generates more than 50 MVA and often as much as 80 MVA.   

The Bairnsdale Power Station (BPS) is contracted to be available to provide network support 
over the night-time hot water demand peak at an output of up to 40 MVA but frequently 
generates up to its maximum output of 80 MVA during the summer period.  In practice this 
embedded generation reduces the energy at risk over the summer period to much lower 
levels than indicated above.  If there was a major transformer failure it should be possible to 
ensure additional generation is available over the peak period to minimise any load shedding 
required.    

There is no firm commitment that BPS generation will be available to offset transformer 
loading at MWTS; however the times of peak demand at MWTS generally coincide with 
periods of high wholesale electricity prices, resulting in a high likelihood that BPS will be 
generating.  With BPS and MPS generation available to its full potential there would be no 
energy at risk at MWTS during the current planning period upto 2020/2021.     

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Establish a new terminal station in or adjacent to the supply area of MWTS.  A 
strategically selected location for a new terminal station could allow load to be 
transferred away from MWTS.  Electricity supply options for the Pakenham area 
currently supplied from Cranbourne Terminal Station include the establishment of a new 
terminal station near Tynong, Pakenham or Nar Nar Goon in the next 5 to 10 years.  
This option would allow some MWTS load in West Gippsland to be transferred away 
from MWTS.  

2. Embedded generation:  Bairnsdale Power Station normally provides 20 MVA over the 
night time peak but it can be called upon to provide up to 40 MVA at any time, and if 
available up to 80 MVA can be sought.  The Morwell Power Station may also be able to 
increase output in the event of a transformer failure.   

3. Install a fourth 220/66 kV transformer at MWTS:  Installation of a 4th transformer at 
MWTS is a technically feasible option.  However, fault level constraints would make such 
a solution costly to implement.  

4. Installation of Power Factor Correction Capacitors:  The station is currently running with 
a power factor of around 0.95 at the summer peak.  At this power factor level, the use of 
additional capacitors to further improve power factor and to reduce the MVA loading will 
bring only marginal benefits.   

Preferred network option(s) for alleviation of constraints 

The preferred options for alleviation of transformer loading constraints are: 

1. Continue to ensure that an adequate level of the existing embedded generation (Morwell 
Power Station and Bairnsdale Power Station) is available in case of a major transformer 
failure.  (As already noted, SPI Electricity has entered into a network support agreement 
with Bairnsdale Power Station for up to 40 MVA of support.)  

Page 5 of 7 
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2. Depending on the electricity supply option chosen for the supply area between CBTS 
and MWTS, there is a strong possibility of transferring some MWTS load to a new 
terminal station.   

3. Install a new fourth 220/66 kV transformer at MWTS.  Installation of a fourth transformer 
at MWTS is economic, if contributions from embedded generators are excluded.  
However, when the probability of the existing generation contribution being available is 
considered, installation of a fourth transformer can be deferred beyond the current 
planning period until 2020/21.  With all embedded generation available, all demand can 
be met until summer 2020/21 with one transformer out of service.   

4. Subject to the availability of the SPI PowerNet spare 220/66kV transformer for rural 
areas (refer section 4.5), this spare transformer can be used to temporarily replace a 
failed transformer.  

The capital cost of installing a new fourth 220/66 kV 150 MVA transformer at MWTS is 
estimated to be $16 million, including works required to mitigate fault levels. The cost of 
establishing, operating and maintaining the transformer would be recovered from network 
users through network charges, over the life of the asset. The estimated total annual cost of 
this network augmentation is approximately $1.6 million which provides a broad upper bound 
for the maximum network support payment which may be available to embedded generators 
or customers to reduce forecast demand and defer or avoid the transmission connection 
augmentation. A non-network solution that defers this augmentation for say 1-2 years, will 
not have as much potential value (and contribution available from distributors) as a solution 
that eliminates or defers the augmentation for say 10 years.  Sections 1.4 and 1.5 of this 
report provide further background information to proponents of non-network solutions to 
emerging network constraints. 

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy for both the summer and winter 
periods. 
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MORWELL TERMINAL STATION 66kV   (MWTS 66 kV)
Detailed data:  Magnitude and probability of loss of load

Distribution Businesses supplied by this station: SPI Electricity  (100%)
Normal cyclic rating with all plant in service 544 MVA via 3 transformers and Morwell Power Station
Summer N-1 Station Rating (MVA): 379 MVA via 2 transformers and MPS
Winter N-1 Station Rating (MVA): 457 MVA via 2 transformers and MPS

Station: MWTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
50th percentile Summer Maximum Demand (MVA) 406.2 412.2 418.2 424.5 430.8 437.3 443.8 450.5 457.2 464.0
Summer % Overload [See Note 2 below] 7.2% 8.8% 10.4% 12.0% 13.7% 15.4% 17.1% 18.9% 20.6% 22.4%
50th percentile Winter Maximum Demand (MVA) 351.8 356.0 360.4 364.8 369.2 373.7 378.3 382.9 387.6 392.3
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Annual energy at risk (MWh)  [See Note 3 below] 104.9 189.2 304.6 464.1 702.4 1020.8 1419.3 1907.6 2501.7 3201.9
Annual hours at risk  [See Note 4 below] 12.3 17.6 22.8 34.1 47.7 61.1 74.3 91.3 108.6 125.7
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 0.7 1.2 2.0 3.0 4.6 6.6 9.2 12.4 16.3 20.8

Expected Annual Unserved Energy value [See Note 6 
below] $43,717 $78,870 $126,975 $193,428 $292,773 $425,474 $591,563 $795,080 $1,042,682 $1,334,523

 

Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage with 

a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1of section 2.3, weighted in accordance with the composition of the load at this terminal 

station 
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RED CLIFFS TERMINAL STATION (RCTS) 22 kV 

Red Cliffs Terminal Station (RCTS) 22 kV consists of two 35 MVA 235/66/22 kV 
transformers supplying the 22 kV network ex-RCTS.  An additional 140 MVA 235/66/22 kV 
transformer operates normally open on the 22 kV bus with an auto-close scheme to close 
this transformer onto the 22 kV bus in the event of a failure of either of the other two 
transformers.  This configuration is the main source of supply for 6,100 customers in Red 
Cliffs and the surrounding area.  The station supply area includes Red Cliffs, Colignan and 
Werrimull. 

Magnitude, probability and impact of loss of load 

Growth in summer peak demand on the 22 kV network at RCTS has averaged around 
0.7 MW (1.9%) per annum over the last 5 years (after adjusting for the influence of the 
weather on the load).  The peak load for the 22 kV network on the station reached 32.0 MW 
in summer 2011. 

As noted above, a 140 MVA 235/66/22 kV transformer operates normally open on the 22 kV 
bus with an auto-close scheme to close this transformer onto the 22 kV bus in the event of a 
failure of either of the other two transformers.  The installation of this 140 MVA 235/66/22 kV 
transformer in 2006 and the implementation of the auto-close scheme resulted in the 
station’s “N-1” capacity increasing, as shown in the graph below. 

RCTS 22 kV demand is summer peaking.  The graph below depicts the 10th and 50th 
percentile summer maximum demand forecast together with the station’s operational “N” 
rating (all transformers in service) and the “N-1” rating at 35°C ambient temperature. 

RCTS 22kV Summer Peak Forecasts
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The graph shows there is sufficient capacity at the station to supply all the 50th percentile 
demand expected over the forecast period, even with one transformer out of service.  Load 
at risk after 2020 for the 10th percentile demand scenario can be managed by the operation 
of the auto-close scheme or by transferring load to RCTS 66 kV.  Therefore, the need for 
augmentation is not expected to arise at RCTS 22 kV over the next ten years. 

Page 1 of 1 
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RED CLIFFS TERMINAL STATION (RCTS) 66 kV  

Magnitude, probability and impact of loss of load 

Red Cliffs Terminal Station (RCTS) 66 kV consists of two 70 MVA and one 140 MVA 
235/66/22 kV transformers supplying the 66 kV network ex-RCTS.  This configuration is the 
main source of supply for 22,600 customers in Red Cliffs and the surrounding area.  The 
station supply area includes Merbein, Mildura and Robinvale. 

Magnitude, probability and impact of loss of load 

RCTS 66 kV demand is summer peaking.  Growth in summer peak demand on the 66 kV 
network at RCTS has averaged around 7.9 MW (5.0%) per annum over the last 5 years.  
The peak load for the 66 kV network on the station reached 166.3 MW in summer 2011.  

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational “N” rating (all transformers in service) and the “N-1” 
rating at 35°C ambient temperature. 

The load forecast includes a transfer of load from RCTS 66 kV to Wemen Terminal Station 
(WETS) when WETS is commissioned in October 2011. 

RCTS 66kV Summer Peak Forecast
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The (N) rating on the chart indicates the maximum load that can be supplied from RCTS with 
all transformers in service.  Exceeding this level will initiate automatic load shedding by 
SPI PowerNet’s automatic load shedding scheme. 

The graph shows there is sufficient capacity at the station to supply all the 50th percentile 
demand expected over the forecast period, even with one transformer out of service.  Load 
at risk after 2017 for the 10th percentile demand scenario can be managed by transferring 
load to WETS and/or to RCTS 22 kV.  Therefore, the need for augmentation is not expected 
to arise at RCTS 66 kV over the next ten years. 

Page 1 of 1 
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RICHMOND TERMINAL STATION 22 kV (RTS 22 kV) 

RTS 22 kV is a summer critical station equipped with two 165 MVA 220/22 kV transformers, 
providing supply to CitiPower’s distribution network.  The terminal station’s supply area includes 
inner suburban areas in Richmond and Prahran and Melbourne City’s Russell Place and 
surrounding areas.  The station also provides supply to City Link and public transport railway 
substations east of the Central Business District.  Due to uneven load sharing between the two 
22 kV buses at RTS, the N rating is only slightly higher than the N-1 rating.  The N-1 ratings are 
restricted by over-voltage limits on transformer tapping.  A line drop compensator, however, limits 
the overall 22 kV transformation output to 141 MVA for both summer and winter. 

Magnitude, probability and impact of loss of load 

The graph below depicts the latest 10% and 50% probability maximum demand forecasts during 
the summer periods over the next ten years, together with the operational N and N-1 ratings for 
RTS 22 kV.  The demand forecasts include the effects of future load transfer works that have been 
committed.   

 

RTS 22kV Summer Peak Forecasts
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The graph shows there is sufficient station capacity to supply all anticipated load, and that no 
customers would be at risk if a forced transformer outage occurred at RTS 22kV over the forecast 
period.  Accordingly, no capacity augmentation is planned at RTS 22kV over the next ten years. 

  Page 1 of 1 



2011 Transmission Connection Planning Report  Risk Assessment: RTS 66 kV 

RICHMOND TERMINAL STATION 66 kV (RTS 66 kV) 

RTS 66 kV is a summer critical station consisting of four 150 MVA 220/66 kV transformers. 
The terminal station is shared by CitiPower (90%) and United Energy (10%), providing major 
supply to the Eastern Central Business District and wide-spread inner suburban areas in the 
east and south-east of Melbourne, including Fitzroy, Collingwood, Abbotsford, Richmond, 
North Richmond, Hawthorn, Camberwell, Gardiner, Toorak, Armadale, South Yarra, St Kilda, 
Elwood and Balaclava.  

To limit fault levels, the four transformers at RTS 66 kV are split into two separate groups (1 
& 2 bus group, and 3 & 4 bus group).  An auto-close scheme is in place so that if any one of 
the four transformers fails, a bus-tie circuit breaker closes automatically and the remaining 
three transformers will operate in parallel.   

Following a hot summer period early in 2011, SPI PowerNet expressed concern regarding 
the operating temperature of the RTS 220/66 kV transformers.  In order to avoid operating 
the RTS transformers at temperatures that would result in accelerated aging, and possibly 
imminent failure, SPI PowerNet has reviewed the RTS transformer summer cyclic ratings 
based on the latest RTS 66 kV load profile data and information on the transformer cooling 
effectiveness.  These factors necessitated an average reduction of 3.2% to the transformer 
cyclic ratings across the four transformers at an ambient temperature of 35 degrees C.  
SPI PowerNet also advised that its review confirmed that the station rating would be reduced 
further for ambient temperatures above 35 degrees C.  As explained in further detail below, 
the forecast load on the 1 & 2 bus group for the coming summer now exceeds the N rating of 
that bus group. 

Magnitude, probability and impact of loss of load      

RTS 66 kV station Summer Peak Forecasts 
The graph below depicts the station’s operational N-1 rating at 35 and 40 degrees, and the 
latest 10th and 50th percentile maximum demand forecasts during summer periods over the 
next ten years.  The forecast demands include the effects of any future load transfer works 
that have been committed by DBs.  
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RTS 1 & 2 66kV Bus Group Summer Peak Forecasts 

The graph below depicts the RTS 1 & 2 combined 66 kV bus group rating at 35 and 40 
degrees under system normal, along with the 50th and 10th percentile summer maximum 
demand forecasts for the bus group from summer 2012 onwards.  At present, there is not 
adequate capacity to supply the anticipated maximum load demand on this bus group.  
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RTS 3 & 4 66kV Bus Group Summer Peak Forecasts 

The graph below depicts the RTS 3 & 4 combined 66 kV bus group rating at 35 and 40 
degrees under system normal, along with the 50th and 10th percentile summer maximum 
demand forecasts from summer 2012 onwards.  With both transformers in service there is 
adequate capacity to meet the anticipated maximum load demand until 2020.  
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Comments on Energy at Risk for RTS for N-1 Condition  

The bar chart below depicts the energy at risk with one transformer out of service (3 
transformers operating in parallel) for the 50th percentile demand forecast, and the hours per 
year that the 50th percentile demand forecast is expected to exceed the N-1 capability rating.  
The line graph shows the value to consumers of the expected unserved energy in each year, 
for the 50th percentile demand forecast. 
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For an outage of one transformer at RTS 66 kV during the summer period, it is expected that 
there would be insufficient capacity to supply all demand at the 50th percentile temperature. 

For 2012, the energy at risk at the 50th percentile temperature under N-1 conditions is 
estimated to be 4,884 MWh.  Under these conditions, there would be insufficient capacity to 
meet demand for approximately 147 hours in that year.  The estimated value to consumers 
of this energy at risk in 2012 is approximately $505 million (based on a value of customer 
reliability of $103,307 per MWh).1  In other words, at the 50th percentile demand level, and in 
the absence of any other operational response that might be taken to mitigate the impact of a 
forced outage, a major outage of one transformer at RTS 66 kV over the summer of 2012 
would be anticipated to lead to involuntary supply interruptions that would cost consumers 
$505 million. 

It is emphasised however, that the probability of a major outage of one of the four 
transformers at RTS 66 kV occurring over the year is very low, at about 1.0% per transformer 
per annum, whilst the expected unavailability per transformer per annum is 0.217%.  When 
the energy at risk in 2012 (4,884 MWh) is weighted by the low transformer unavailability, the 
expected unserved energy is estimated to be around 42.4 MWh.  This expected unserved 
energy is estimated to have a value to consumers of approximately $4.4 million in 2012. 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) summer temperatures 
occurring in each year2.  Under 10th percentile summer temperature conditions, the energy at 
risk in 2012 is estimated to be 20,522 MWh.  The estimated value to consumers of this 
energy at risk in 2012 is approximately $2,120 million.  The corresponding value of the 
expected unserved energy is approximately $18.4 million.  

These key statistics for the year 2012 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 4,884 $505 million 

Expected unserved energy at 50th percentile demand 42.4 $4.4 million 

Energy at risk, at 10th percentile demand forecast 20,522 $2,120 million 

Expected unserved energy at 10th percentile demand 178 $18.4 million 

 

If one of the four transformers at RTS 66 kV is taken off line during peak loading times and 
the N-1 station rating is exceeded, then the OSSCA3 load shedding scheme which is 
operated by SPI PowerNet’s TOC4 will act swiftly to reduce the loads in blocks to within safe 
loading limits.  Any load reductions that are in excess of the minimum amount required to 
limit load to the rated capability of the station would be restored where transfer capacity 
exists after the operation of the OSSCA scheme, at zone substation feeder level in 
accordance with CitiPower and United Energy’s operational procedures. 

Comments on capacity of RTS 1 & 2 66 kV Bus Group  

From the summer of 2012, unless corrective action is taken, it is expected that there would 
be insufficient capacity to supply all the demand at the 50th percentile temperature on the 
RTS buses 1 and 2 combined 66 kV bus group.  This bus group supplies zone substations at 
Camberwell, Gardiner, Collingwood, North Richmond, Toorak, Armidale and Balaclava. 

As explained below, contingency plans will be put in place between 2011/2012 to 2016/2017 
to enable transfer of bulk load at 66 kV from RTS 1 & 2 66 kV bus group to RTS 3 & 4 66 kV 
bus group, MTS and TSTS to reduce the load on RTS 1 & 2 66 kV bus group during peak 
demand periods.  In addition, CitiPower is actively pursuing demand side management 
arrangements that would assist to reduce RTS 66 kV demand at times of high temperature.   

Notwithstanding these measures, it is possible that pre-contingent load shedding may be 
necessary to avoid asset over-loading if temperatures exceed the 10th percentile level over 
the coming summer.   

                                                 
2  As noted in Section 4.1, the 50th percentile demand forecast is used in each year. 
3  Overload Shedding Scheme of Connection Asset. 
4  Transmission Operation Centre. 
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Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Permanent load transfer from RTS 66 kV to the proposed BTS 66 kV (Brunswick 
Terminal Station) connection point.  This is part of the integrated plan for the proposed 
BTS 66 kV (Refer to the Risk Assessment Report for BTS 66 kV) and could be achieved 
by: 

• High voltage distribution load transfer from critical zone substations in the Central 
Business District areas supplied from RTS 66 kV to the upgraded zone 
substation supplied from the proposed BTS 66 kV commencing from 2014/20155.     

• Bulk subtransmission transfer of normal supply of a three-zone substation 66 kV 
subtransmission loop (about 130 MVA of load) from RTS 66 kV to the new BTS 
66 kV by 2015, or alternatively: 

• Bulk subtransmission transfer of normal supply of MP zone substation 
(approximately 130 MVA) in the CBD from RTS 66 kV to the new BTS 66 kV by 
2016. 

2. The transmission connection asset owner, SPI PowerNet, has indicated its intention to 
redevelop RTS by replacing all aged assets at RTS, including 220 kV switchgear, 
220/66 kV transformers, and 66 kV and 22 kV switchgear, in their current regulatory 
period ending in 2014.  The project will involve a like-for-like asset replacement in terms 
of 220/66 kV transformation capacity.  SPI PowerNet has indicated that it expects the 
asset replacement project at RTS 66 kV to be completed by 20156, however firm plans 
and a program for the redevelopment works are not yet finalised. 

A feasible option to provide added security to the CBD would involve CitiPower and 
United Energy working closely with SPI PowerNet to install an additional 220/66 kV 
transformer at RTS in conjunction with SPI PowerNet’s redevelopment program.  

3. Demand Reduction:  United Energy has developed a number of innovative network tariffs 
to encourage voluntary demand reduction during times of network constraints.  The 
amount of demand reduction depends on the tariff uptake and will be taken into 
consideration when determining the optimum timing for the capacity augmentation. 

4. Embedded generation in the order of 150 MVA, would help to defer the need for 
augmentation. 

5. Establishment of a new terminal station in the inner eastern suburban area to provide an 
extra point of supply would resolve the overloading problem.  Acquisition of a new 
terminal station site at a suitable location would be required for this option.  Planning 
requirements put this option outside the timeframe required. 

                                                 
5  Subject to SPI PowerNet delivering the project within the expected timeframe.  Any delays resulting from 

unforeseen issues which are beyond the control of SPI PowerNet would affect the project delivery, and 
will be beyond the control of CitiPower. 

6  This information was obtained from the 2010 Victorian APR.   

  Page 5 of 9 



2011 Transmission Connection Planning Report  Risk Assessment: RTS 66 kV 

  Page 6 of 9 

                                                

6. CitiPower and United Energy intend to implement contingency plans between 2012 to 
2017 to transfer bulk load at 66 kV from RTS 1 & 2 66 kV bus group to RTS 3 & 4 66 kV 
bus group, MTS and TSTS during peak load periods.  The plan can also include 11 kV 
distribution networks transfers and load management.  These options reduce the security 
and reliability of the subtransmission network because many zone substations affected 
by 66 kV bulk transfers will be on radial supply for the duration of any contingency. 

Preferred option(s) for alleviation of constraints 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at RTS 66 kV, or any other identified better network solutions, it is proposed to reduce 
load from RTS 66 kV permanently by transferring load away to the new BTS 66 kV.  This 
transfer will be done via both the high voltage distribution and subtransmission networks from 
20147 to 2015 , which is in line with the integrated plan for the establishment of the new BTS 
66 kV supply point. 

Prior to the establishment of BTS, the following actions will be taken to mitigate supply 
interruption risk at RTS 66 kV under critical loading conditions: 

• Contingency plans will be put in place between 2011/2012 to 2016/2017 to transfer 
bulk load at 66 kV from RTS 1 & 2 66 kV bus group to RTS 3 & 4 66 kV bus group, 
MTS and TSTS.  The plans may also include 11 kV distribution networks transfers 
and load management.  

• CitiPower is actively pursuing demand side management arrangements that would 
assist in reducing RTS 66 kV demand at times of high temperature.   

• In conjunction with TOC, OSSCA scheme settings will be fine-tuned to minimise the 
impact on customers of any load shedding that may take place. 

• Subject to availability, installation of SPI PowerNet’s spare 220/66 kV transformer for 
metropolitan areas could be undertaken to temporarily replace a failed transformer at 
RTS 66 kV. Studies to determine if this can be constructed as an additional 
transformer temporarily are being undertaken. 

Notwithstanding these measures, it is possible that pre-contingent load shedding may be 
necessary to avoid asset over-loading if temperatures exceed the 10th percentile level over 
the coming summer.   

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy.  In addition to the measures 
outlined above, CitiPower would welcome proposals from proponents of non-network 
solutions to provide network support services to reduce the load at risk at RTS 66 kV over 
the period to 2014 – 2015.  Proponents should contact Neil Gascoigne, System Planning & 
Secondary Systems Manager, CitiPower / Powercor, on 9683 4472 for further details.   
 

 
7  Subject to SPI PowerNet’s timely delivery of the required works. 
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RICHMOND TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: CitiPower (90%); United Energy (10%) 
Summer N-1 Station Rating: 439 MW (490 MVA) [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating: 521 MW (547 MVA) 
 

Station: RTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 611.5 626.5 641.9 657.0 671.1 685.7 699.7 714.4 729.8 744.5 

Summer % Overload [See Note 2 below] 24.8% 27.9% 31.0% 34.1% 37.0% 39.9% 42.8% 45.8% 48.9% 51.9% 

50th percentile Winter Maximum Demand (MVA) 458.2 471.3 483.4 495.2 507.2 518.8 532.3 543.6 555.0 566.7 

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil 1.5% 3.6% 

Annual Energy at Risk (MWh)  [See Note 3 below] 4,884 6,896 9,452 12,413 15,609 19,391 23,547 28,650 34,892 41,657 

Annual Hours at Risk  [See Note 4 below] 147.3 194.5 238.8 282.8 329.0 383.5 451.5 538.8 632.8 729.3 

Expected Annual Unserved Energy (MWh)  [See Note 5 below] 42.4 59.9 82.0 107.7 135.5 168.3 204.4 248.7 302.9 361.6 

Expected Annual Unserved Energy value [See Note 6 below] $4m $6m $8m $11m $14m $17m $21m $26m $31m $37m 

 
Notes: 

1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station 
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RICHMOND TERMINAL STATION 1 & 2 66 kV Bus Group 
Detailed data:  Magnitude and probability of loss of load (under N conditions) 

Station operational rating (N elements in service): 329 MVA via 2 transformers (Summer peaking) 
 

Station: RTS 1 & 2 66kV Bus Group 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 350.3 359.4 368.8 377.7 385.8 394.3 402.3 410.8 419.8 428.3 

Summer % Overload [See Note 2 below] 6.5% 9.2% 12.1% 14.8% 17.3% 19.8% 22.3% 24.9% 27.6% 30.2% 

50th percentile Winter Maximum Demand (MVA) 262.6 270.8 278.0 284.9 291.8 298.4 306.3 312.8 319.4 326.2 

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Annual Energy not supplied (MWh)  [See Note 3 below] 94 218 437 743 1,140 1,683 2,357 3,249 4,422 5,761 

Annual Hours at Risk  [See Note 4 below] 10.5 20.5 31.0 50.5 67.8 92.5 118.8 149.0 189.3 227.0 

Annual Unserved Energy value [See Note 6 below] $10m $23m $45m $77m $118m $174m $244m $336m $457m $595m

 
Notes: 

1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N capability rating.  
3. This is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N capability rating.   
4. This is the number of hours in a year during which the 50th percentile demand forecast exceeds the N capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of energy not supplied is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal 

station 
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RICHMOND TERMINAL STATION 3 & 4 66 kV Bus Group 
Detailed data:  Magnitude and probability of loss of load (under N conditions) 

Station operational rating (N elements in service): 337 MVA via 2 transformers (Summer peaking) 
 

Station: RTS 3 & 4 66kV Bus Group 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 259.3 265.2 271.1 277.2 283.2 289.3 295.3 301.4 307.8 314.0 

Summer % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

50th percentile Winter Maximum Demand (MVA) 262.6 270.8 278.0 284.9 291.8 298.4 306.3 312.8 319.4 326.2 

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Annual Energy at Risk (MWh)  [See Note 3 below] 0 0 0 0 0 0 0 0 0 0 

Annual Hours at Risk  [See Note 4 below] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Expected Annual Unserved Energy (MWh)  [See Note 5 below] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Expected Annual Unserved Energy value [See Note 6 below] $0k $0k $0k $0k $0k $0k $0k $0k $0k $0k 

 
Notes: 

1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station 
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RINGWOOD TERMINAL STATION 22 kV (RWTS 22) 

Ringwood Terminal Station consists of two separate components – the 66 kV component 
and the 22 kV component.  Currently the RWTS 22 kV component is supplied by two 
55 MVA 220/22 kV and one 38 MVA, 66/22 kV transformers but these are being replaced by 
two new 75 MVA 220/22 kV transformers under SPI PowerNet’s asset replacement program.  
The new transformers are expected to be in service prior to summer 2012/13.  RWTS 22 kV 
is the main source of 22 kV supply for the local area and for the commuter railway network.  
The geographic coverage of the station’s supply area includes Ringwood, Mitcham, Wantirna 
and Nunawading.  The electricity distribution networks for this area are the responsibility of 
both SPI Electricity (64%) and United Energy Distribution (36%).  

Magnitude, probability and impact of loss of load  

Peak loading at the station occurs in summer.  Growth in summer peak demand at RWTS  
22 kV is forecast to be around 2.1 MW (2.5%) per annum.  The station recorded a peak 
demand of 96 MW (99 MVA) in summer 2008/09.  The recorded peak demand in summer 
2010/11 was 88.7 MW (91.5 MVA) which was approximately 7.3 MW lower than the earlier 
peak.  This is attributed to comparatively mild weather conditions observed during summer 
2010/11.  

Currently the installed transformer capacity cannot be fully utilised due to fault level 
restrictions.  The consequence of this restriction is that only two of the three transformers can 
be in service at any one time.  Thus, there is a “spare” transformer that can be switched into 
service in the case of a transformer failure.   

The various transformer combinations mean that the risk assessment for RWTS 22 kV is 
more complicated than for most terminal stations.  For the purpose of this risk analysis, the 
following have been assumed: 

• The “N” rating is the rating of two 220/22 kV transformers (combined rating of 115 MVA).   

• The “N-1” rating is the rating of one 220/22 kV and one 66/22 kV transformer (combined 
summer rating of 79 MVA).  Unequal load sharing means that the full combined capacity 
of the two transformers cannot be utilised.  

The station is normally operated with one 220/22 kV and one 66/22 kV transformer in service 
except during summer peak loading periods when loading is expected to exceed 79 MVA 
and the station is then operated with the two 220/22 kV transformers in service.  The difficulty 
with the summer peak configuration is that voltage control of the 22 kV bus is not possible as 
the 220/22 kV transformers do not have automatic voltage control taps.  However, this will be 
no longer an issue when the two new 220/22 kV transformers are commissioned as these 
will be equipped with on-load tap changers.  

After the two new 220/22kV 75 MVA transformers are installed in 2012 the station will 
operate with both transformers in service and in parallel.  The station “N” rating with both 
transformers in service is estimated to be 190 MVA in summer and the “N–1” rating with one 
transformer out of service is 95 MVA.  The 22 kV transformer circuit breaker continuous 
rating of 2500 A will limit the winter rating to 95 MVA, a similar figure to the summer rating.      

RWTS 22 kV is expected to be loaded above its “N-1” rating in summer 2016/17.  The graph 
below depicts the 10th and 50th percentile summer maximum demand forecasts together with 
the station’s “N-1” rating at an ambient temperature of 35°C. 

Page 1 of 6 
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The (N) rating on the chart given below indicates the maximum load that can be supplied 
from RWTS 22 kV with all transformers in service.   

RWTS 22 kV Summer Peak Forecasts
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The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability.  The line graph shows the value to consumers of 
the expected unserved energy in each year, for the 50th percentile demand forecast.   

Annual Energy and Hours at Risk at RWTS 22 kV (Single Contigency Only)
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Comments on Energy at Risk 

As already noted, RWTS 22 kV is a summer peaking station and all of the energy at risk 
occurs in the summer period.  Accordingly, the comments below focus on the energy at risk 
over the summer period. 

By the end of the ten year planning period in 2021, for an outage of one 220/22 kV 
transformer at RWTS 22 kV over the entire summer period, there will be insufficient capacity 
at the station to supply all demand at the 50th percentile temperature for about 11.6 hours in 
summer 2020/21.  The energy at risk at the 50th percentile temperature under N-1 conditions 
is estimated at 49 MWh in summer 2020/21.  The estimated value to consumers of the 
49 MWh of energy at risk is approximately $2.6 million (based on a value of customer 
reliability of $53,576/MWh)1.  In other words, at the 50 percentile demand level, and in the 
absence of any other operational response that might be taken to mitigate the impact of a 
forced outage, a major outage of one transformer at RWTS 22 kV over the summer of 
2020/21 would be anticipated to lead to involuntary supply interruptions that would cost 
consumers $2.6 million.    

It is emphasised however, that the probability of a major outage of one of the two 
transformers occurring over the duration of the year is very low at about 1.0% per 
transformer per annum, whilst the expected unavailability per transformer per annum is 
0.217%.  When the energy at risk (49 MWh for 2020/21) is weighted by this low 
unavailability, the expected unsupplied energy is estimated to be 0.2 MWh.  This expected 
unserved energy is estimated to have a value to consumers of around $11,400 (based on a 
value of customer reliability of $53,576MWh). 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) summer temperatures 
occurring in each year.  Under 10th percentile summer temperature conditions, the energy at 
risk in 2020/21 is estimated to be 357 MWh.  The estimated value to consumers of this 
energy at risk in 2020/21 is approximately $19.1 million.  The corresponding value of the 
expected unserved energy is approximately $83,000. 

These key statistics for the year 2020/21 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 49 $2.6 million 

Expected unserved energy at 50th percentile demand 0.2 $11,400 

Energy at risk, at 10th percentile demand forecast 357 $19.1million 

Expected unserved energy at 10th percentile demand 1.55 $83,000 

 

If one of the 220/22 kV transformers at RWTS is unavailable during peak loading times and 
the N-1 station rating is exceeded, then the Overload Shedding Scheme for Connection 

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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Assets (OSSCA) which is operated by SPI PowerNet’s TOC2 to protect the connection 
assets from overloading3, will swiftly disconnect large segments of load to bring total loading 
within the ratings of available plant.  In the event of OSSCA operating, it would automatically 
shed up to 25 MVA of load, affecting approximately 10,000 customers in 2011/12.   

Subsequently, loads will be manually matched to the rating of available plant in accordance 
with SPI Electricity’s and United Energy’s operational procedures after the operation of the 
OSSCA scheme. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging network constraint: 

1. Implement contingency plans to transfer load to adjacent supply points 

SPI Electricity has established and implemented the necessary plans that enable up to 
20 MVA of load transfers via existing 22 kV feeders to adjoining zone substations.  United 
Energy Distribution has the plans and capability to transfer an additional 10 MVA.  Load 
transfers from RWTS 22 kV could commence within 2 hours of a contingency and take up to 
a further 2 hours to complete.  This option reduces the interruption duration and load at risk 
resulting from a major transformer failure. 

2. Install an additional transformer at RWTS 22 kV 

SPI PowerNet’s project X7FO to rebuild the RWTS 22 kV switchyard and replace the 220/66 
kV transformers with 75 MVA units in 2012 will increase the N-1 cyclic rating to 95 MVA. 
Under this project SPI PowerNet will also install a spare 75 MVA 220/22 kV transformer 
which eventually can be brought into full service when economic.  

3. Demand reduction 

SPI Electricity is currently using an MVA tariff to encourage large customers to improve their 
power factor and thus reduce the loading on the transformers supplying the 22 kV load at 
RWTS.  Up to 80% of the maximum demand at RWTS 22 kV is summer residential and 
commercial load, largely air conditioning.   

United Energy Distribution has developed a number of innovative network tariffs to 
encourage voluntary demand reduction during times of network constraints.  The amount of 
demand reduction depends on the tariff uptake, and will be taken into consideration when 
determining the optimum timing for the capacity augmentation. 

4.  Embedded generation 

Embedded generation in the order of 20 to 25 MVA connected to the RWTS 22 kV bus may 
defer an augmentation by one or two years.  

                                                           
2  Transmission Operation Centre. 
3  OSSCA is designed to protect against transformer damage caused by overloads.  Damaged transformers can 
take months to replace which can result in prolonged, long term risks to reliability of customer supply.  
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Preferred network option(s) for alleviation of constraints 

1. Augmentation of the RWTS 220/22 kV transformer capacity with a third 75 MVA 
220/22 kV transformer is the preferred option in the absence of a firm commitment for 
network support services such as local generation or demand side management.  
These services would not be required prior to 2021 based on the present demand 
forecast. 

     The capital cost of installing a new 220/22 kV transformer at RWTS 22 kV is estimated 
to be $13 million in 2011 dollars.  The cost of establishing, operating and maintaining 
the transformer would be recovered from network users through network charges, 
over the life of the asset.  In today’s terms, the estimated total annual cost of this 
network augmentation is approximately $1.3 million.  This cost provides a broad 
upper bound indication of the maximum network support payment which may be 
available to embedded generators or demand management proponents that defer or 
avoid this transmission connection augmentation beyond the planned date of 2021.  
Any non-network solution that defers this augmentation for say 1-2 years, will not 
have as much potential value (and contribution available from distributors) as a 
solution that eliminates or defers the augmentation for say 10 years.  Sections 1.4 
and 1.5 of this report provide further background information to proponents of non-
network solutions to emerging network constraints. 

2. In the meantime it is proposed to iImplement the following temporary measures to 
cater for an unplanned outage of one transformer at RWTS 22 kV under critical 
loading conditions: 

• maintain contingency plans to transfer load quickly to adjacent Zone Substations; 

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the 
impact on customers of any load shedding that may take place to protect the 
connection assets from overloading;  

• Monitor the load growth to ensure the load at risk is within the forecast; and 

• Engage in open discussions with commercial and industrial customers, demand 
management aggregators and embedded generator suppliers to ascertain the 
viability of these options in a cost and time efficient manner. 

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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RINGWOOD TERMINAL STATION 22 kV   (RWTS 22 kV)
Detailed data:  Magnitude and probability of loss of load

Distribution Businesses supplied by this station: SPI Electricity  (64%)   UED (36%)
Installed Transformer Capacity (prior to 2012) = 148 MVA Fault Level restrictions allow only two transformers to be connected at any one time.
Installed Transformer Capacity (2012 and later) = 150 MVA
Normal cyclic rating with all plant in service (prior to 2012) 115 MVA via 2 transformers (Summer peaking)
Normal cyclic rating with all plant in service (2012 and later) 190 MVA
Summer N-1 Station Rating in MVA (prior to 2012) 79
Summer N-1 Station Rating in MVA (2012 and later) 95
Winter N-1 Station Rating in MVA (prior to 2012): 102
Winter N-1 Station Rating in MVA (2012 and later): 95

Station: RWTS 22kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
50th percentile Summer Maximum Demand (MVA) 86.5 88.3 90.3 92.6 94.7 97.0 99.2 101.4 104.1 106.5
Summer % Overload [See Note 2 below] 9.5% Nil Nil Nil Nil 2.2% 4.4% 6.7% 9.5% 12.1%
50th percentile Winter Maximum Demand (MVA) 67.0 68.2 69.5 70.8 72.2 73.3 74.6 76.2 77.6 79.0
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Annual energy at risk (MWh)  [See Note 3 below] 21 0 0.0 0.0 0.0 0.8 3.0 9.5 26.2 49.0
Annual hours at risk  [See Note 4 below] 8 0 0.0 0.0 0.0 0.7 1.8 4.5 8.2 11.6
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2

Expected Annual Unserved Energy value [See Note 6 below] $4,872 $0 $0 $0 $0 $186 $689 $2,194 $6,075 $11,363
 

Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile forecast exceeds the N-1 capability rating.    
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage with a 

duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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RINGWOOD TERMINAL STATION 66 kV (RWTS 66 kV) 

Ringwood Terminal Station is the main source of supply for a major part of the outer eastern 
metropolitan area.  The geographic coverage of the station’s supply area spans from Lilydale 
and Woori Yallock in the north east; to Croydon, Bayswater and Boronia in the east; and 
Box Hill, Nunawading and Ringwood more centrally.  The electricity supply networks for this 
large region is the responsibility of both SPI Electricity (SPIE) and United Energy (UE).  

Background 

Ringwood Terminal Station consists of two separate components – the 66 kV component 
and the 22 kV component.  The RWTS 66 kV component is supplied by four 150 MVA 
220/66 kV transformers and has summer critical loadings. 

The four transformers are operated in two separate bus groups to limit the maximum 
prospective fault levels on the 66 kV busses to within their respective switchgear ratings.    
Under system normal conditions, the No. 1 and No. 2 transformers are operated in parallel 
as one group (RWTS bus group 1-3) and supply the No.1 and No. 3 66 kV buses 
respectively.  The No. 3 and No. 4 transformers are operated in parallel as another group 
(RWTS bus group 2-4) and supply the No.2 and No. 4 66 kV buses respectively.  To 
configure the station as two separate bus groups, the 66 kV bus 1-2 and bus 3-4 tie circuit 
breakers are operated normally open. 

Given this configuration, load demand on the RWTS bus groups 1-3 and 2-4  must be kept 
within the capabilities of their respective two transformers at all times otherwise load 
shedding may occur.  However, for an unplanned transformer outage in any of the two 
RWTS bus groups, an auto close scheme will operate resulting in parallel operation of the 
three transformers remaining in service. 

Combined Summer Peak Demand forecasts for RWTS 66 kV -Total Station Load 

Growth in summer peak demand at RWTS 66 kV has averaged around 16 MW (4%) per 
annum over the last 8 years.  The peak load on the station reached 508 MW (516 MVA) in 
summer 2008/09 under extreme weather conditions.  The recorded peak demand in summer 
2010/11 was 469.7 MW (474.9 MVA), which was approximately 38 MW lower than the 2009 
peak.  This is mainly due to the relatively mild weather conditions observed during summer 
2010/11.  

Combined peak load for both of the RWTS 66 kV bus groups occurs in summer.  The graph 
below depicts the 10th and 50th percentile combined summer maximum demand forecast 
together with the station’s operational “N” rating (all transformers in service) and the “N-1” 
rating at an ambient temperature of 35°C and 40°C.  The combined loading at RWTS 66 kV 
is forecast to reach the station’s “N-1” rating in summer 2013/14 at the 50th percentile 
summer maximum demand forecast.   

The combined winter demand at RWTS 66kV is not expected to reach the station’s “N–1” 
winter rating until 2021. 

 

 

Page 1 of 7 



2011 Transmission Connection Planning Report                                                     Risk Assessment:  RWTS 66 kV 

Total Station Load: RWTS 66 kV Summer Peak Forecasts 
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RWTS Bus groups 1-3 and 2-4: Summer Peak Forecasts 

In addition to the station’s total summer load under the station’s N-1 conditions as shown 
above, it is essential to assess the risk of load shedding, if any, on the individual bus groups 
when both of their respective transformers are in service, i.e under N conditions.  

RWTS Bus group 1-3:  Peak demand at RWTS 66 kV bus group 1-3 occurs in summer.  
Based on the individual bus group summer demand forecasts, with both its transformers in 
service, i.e. under N conditions: 

• The loading on this bus group at the 50th percentile temperature is not expected to 
exceed its N rating until 2021.  This means that at the 50th percentile temperature 
there is no expectation of load shedding being required to keep loading within plant 
ratings under normal operating conditions during summer.   

• The loading on this bus group at the 10th percentile temperature is not expected to 
exceed its N rating until the summer of 2018/19.   

This bus group supplies UE’s zone substations NW and BH, and SPIE’s zone substations 
RWN, LDL and WYK. 

RWTS Bus group 2-4:  Similar to bus group 1-3, the peak load at RWTS 66 kV bus group 
2-4 also occurs in summer.  Based on the individual summer demand forecasts for this bus 
group, with both transformers in service, i.e. under N conditions, the loading on this bus 
group at the 10th percentile temperature is forecast to remain within its N rating throughout 
the planning period i.e. until 2021. This means that at the 10th percentile temperature there is 
no expectation of load shedding being required to keep loading within plant ratings on this 
bus group under normal operating conditions during summer .  This bus group supplies 
SPI Electricity’s zone substations BRA, CYN and BWR, and feeder SRR to Southern 
Rocycling. 
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Magnitude, probability and impact of loss of load   

The bar chart below depicts the combined station’s energy at risk with one transformer out of 
service for the 50th percentile total station’s demand forecast, and the hours per year that the 
50th percentile combined demand forecast is expected to exceed the “N-1” capability.  The 
line graph shows the value to consumers of the expected unserved energy in each year, for 
the 50th percentile demand forecast.    

Annual Energy and Hours at Risk at RWTS 66 (Single Contingency Only)
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Comments on Energy at Risk 

For an outage of one transformer at RWTS 66 kV over the entire summer period, there will 
be insufficient capacity at the station to supply all demand at the 50th percentile temperature 
for about 56.5 hours in summer 2020/21, and the energy at risk under “N-1” conditions is 
estimated to be 1,897 MWh.  The estimated value to consumers of the 1,897 MWh of energy 
at risk is approximately $105 million (based on a value of customer reliability of 
$55,531/MWh).1  In other words, at the 50th percentile demand level, and in the absence of 
any other operational response that might be taken to mitigate the impact of a forced outage, 
a major outage of one transformer at RWTS 66 kV for the entire duration of the summer of 
2020/21 would be anticipated to lead to involuntary supply interruptions that would cost 
consumers $105 million.    

It is emphasised however, that the probability of a major outage of one of the four 
transformers occurring over the duration of the year is very low, at about 1.0% per 
transformer per annum, whilst the expected unavailability per transformer per annum is 
0.217%.  When the energy at risk (1,897 MWh for 2021) is weighted by this low 
unavailability, the expected unsupplied energy is estimated to be around 16.5 MWh.  This 
expected unserved energy is estimated to have a value to consumers of around $0.9 million 
(based on a value of customer reliability of $55,531/MWh). 

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) summer temperatures 
occurring in each year.  Under 10th percentile summer temperature conditions, the energy at 
risk in 2021 is estimated to be 9,169 MWh.  The estimated value to consumers of this energy 
at risk in 2020/21 is approximately $509 million.  The corresponding value of the expected 
unserved energy is approximately $4.4 million. 

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 1,897 $105 million 

Expected unserved energy at 50th percentile demand 16.5 $0.9 million 

Energy at risk, at 10th percentile demand forecast 9,169 $509 million 

Expected unserved energy at 10th percentile demand 99 $4.4 million 

 
 
If one of the 220/66 kV transformers at RWTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, then the Overload Shedding Scheme for Connection 
Assets (OSSCA) which is operated by SPI PowerNet’s TOC2 to protect the connection 
assets from overloading3, will act swiftly to reduce the loads in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load to 
the rated capability of the station would be restored at zone substation feeder level in 
accordance with SPI Electricity’s and United Energy’s operational procedures after the 
operation of the OSSCA scheme. It may be noted that in the event if OSSCA operates, it 
would shed about 100 MVA of load, affecting approximately 35,000 customers.  

As mentioned earlier, RWTS 66 kV consists of four 150 MVA 220/66 kV transformers which 
are operated in two separate bus groups, namely bus group 1-3 and bus group 2-4.  In 
addition to the above mentioned key statistics for the entire RWTS 66 kV station, it is also 
necessary to consider the loading on the individual bus groupings to determine whether 
sufficient capacity exists to meet forecast levels of demand at the station.  As already noted, 
loading on both bus groups 1-3 and 2-4 at the 50th percentile temperature is not expected to 
reach the N capacity of the transformers connected to each respective bus group during the 
planning period up to 2021.  

Feasible options for alleviation of constraints  

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint and will be investigated by 
SPI Electricity, United Energy and AEMO in line with the Victorian Joint Planning Process: 

                                                           
2  Transmission Operation Centre. 
3  OSSCA is designed to protect against transformer damage caused by overloads.  Damaged transformers can 
take months to replace which can result in prolonged, long term risks to reliability of customer supply.  
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1.  Contingency plans to transfer load to adjacent terminal stations 

Both SPI Electricity and United Energy have established and implemented the necessary 
plans to enable load transfers under contingency conditions via emergency 66 kV ties to the 
adjacent East Rowville and Templestowe terminal stations, respectively.  The emergency 66 
kV ties from RWTS 66 kV can be in operation within a few hours and have a transfer 
capability of approximately 50 MVA each.  This option will substantially reduce the 
interruption duration and load at risk resulting from a major transformer failure.   
United Energy and SPI Electricity have the capability to transfer an additional 10 MVA at the 
distribution feeder level.  

2. Install new 66 kV Capacitor Banks on Bus Group 1-3 

Installation of two new 50 - 100 MVAR 66 kV capacitor banks connected to 66 kV bus group 
1-3 to alleviate the station loading levels may enable network augmentation to be deferred 
for one or two years.    

3. Establish a new 220/66kV terminal station  

There are vacant terminal station sites at Doncaster and Coldstream that could be utilised to 
construct a new terminal station to offload RWTS.   

4. Install a fifth 220/66kV transformer at RWTS 

It is feasible to install a fifth transformer in the RWTS switchyard. There will be some 
unavoidable operational issues and difficulties in operating the station with five transformers.  
This option can be implemented in a shorter time frame compared with the new terminal 
station options, and would not require a reconfiguration of the 66 kV feeder exits to control 
the station fault levels.  

5. Install a fourth 220/66kV transformer at TSTS 

It is feasible to install a fourth transformer in the nearby terminal station at Templestowe 
(TSTS) and build new 66 kV lines to allow load to be transferred away from RWTS.     

6. Demand reduction 

SPI Electricity is currently using a demand based (MVA) tariff to encourage large customers 
to improve their power factor and thus reduce the station loading.  Up to 50% of the 
maximum demand at RWTS 66 kV is summer residential load, largely air conditioning.  With 
this existing load mix, SPI Electricity does not believe demand reduction initiatives (e.g. 
special tariffs) will play a significant role in reducing the peak summer load at RWTS 66 kV in 
the short term.   

United Energy has developed a number of innovative network tariffs to encourage voluntary 
demand reduction during the times of network constraints.  The amount of demand reduction 
depends on the tariff uptake and will be taken into consideration when determining the 
optimum timing for the capacity augmentation. 

7. Embedded generation 

There is also potential for an additional 40 MVA of peak load embedded generation to be 
utilised to defer augmentation for 1 to 2 years.  
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Preferred network option(s) for alleviation of constraints 

1. Implement the following temporary measures to cater for an unplanned outage of one 
transformer at RWTS under critical loading conditions: 

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the impact 
on customers of any load shedding that may take place to protect the connection 
assets from overloading; and 

• subject to the availability of the SPI PowerNet spare 220/66kV transformer for the 
metropolitan area (refer section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer.  

2. In the absence of any commitment by interested parties to offer network support services 
by installing local generation or through demand side management initiatives that would 
reduce load at RWTS, it is propose to either: 

• Install a 66 kV Capacitor Bank on Bus group 1/3 to defer a major augmentation; or  

• Install a fifth transformer at RWTS to meet the station’s long term needs. 

Whilst no decision has yet been made now on a preferred network augmentation, a fifth 
transformer at RWTS is potentially the most likely economic option.  The capital cost of 
installing a fifth transformer at RWTS is estimated to be $15 million in 2011 dollars.  The cost 
of establishing, operating and maintaining this new transformer would be recovered from 
network users through network charges, over the life of the asset.  The estimated total annual 
cost of this network augmentation is approximately $1.5 million.  This cost provides a broad 
upper bound indication of the maximum network support payment which may be available to 
embedded generators or demand management initiatives that results in the deferral of this 
transmission connection augmentation.  Any non-network solution that defers this 
augmentation for say 1-2 years, will not have as much potential value (and contribution 
available from distributors) as a solution that eliminates or defers the augmentation for, say, 
10 years.  Sections 1.4 and 1.5 of this report provide further background information to 
proponents of non-network solutions to emerging constraints.  

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy.    
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RINGWOOD TERMINAL STATION 66kV   (RWTS 66 kV)
Detailed data:  Magnitude and probability of loss of load

Distribution Businesses supplied by this station: SPI Electricity (77%), UE (23%)
Normal cyclic rating with all plant in service 676 MVA via 4 transformers (Summer peaking)
Summer N-1 Station Rating (MVA): 500
Winter N-1 Station Rating (MVA): 578

Station: RWTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
50th percentile Summer Maximum Demand (MVA) 478.3 489.4 501.2 514.2 526.7 540.1 552.9 566.3 581.4 595.7
Summer % Overload [See Note 2 below] Nil Nil 0.2% 2.8% 5.3% 8.0% 10.6% 13.3% 16.3% 19.1%
50th percentile Winter Maximum Demand (MVA) 375.8 382.6 390.1 397.2 404.9 411.9 419.4 427.9 435.9 443.9
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Annual energy at risk (MWh)  [See Note 3 below] 0.0 0.0 0.0 21.3 77.9 216.1 430.2 752.3 1262.3 1897.4
Annual hours at risk  [See Note 4 below] 0.0 0.0 0.4 2.6 7.0 14.3 21.0 31.1 42.8 56.5
Expected Annual Unserved Energy (MWh)  under N-1 
conditions 0.0 0.0 0.0 0.2 0.7 1.9 3.7 6.5 10.9 16.5

Energy at Risk in Summer (N) Bus Group 1 and 3 0 0 0 0 0 0 0 0 0 0
Energy at Risk in Summer (N) Bus Group 2 and 4 0 0 0 0 0 0 0 0 0 0
Total Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 0.0 0.0 0.0 0.2 0.7 1.9 3.7 6.5 10.9 16.5

Expected Annual Unserved Energy value [See Note 6 
below] $0 $0 $0 $10,257 $37,482 $104,052 $207,136 $362,181 $607,721 $913,525

 

Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile forecast exceeds the N-1 capability rating.    
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Energy at risk” multiplied by the probability of a major outage affecting one transformer. “Major outage” means an outage with 

duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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SHEPPARTON TERMINAL STATION (SHTS) 66 kV 

Shepparton Terminal Station (SHTS) 66 kV consists of three 150 MVA 220/66 kV 
transformers and is the main source of supply for over 67,600 customers in Shepparton and 
the Goulburn–Murray area.  The station supply area includes the towns of Shepparton, 
Echuca, Mooroopna, Yarrawonga, Kyabram, Cobram, Numurkah, Tatura, Rochester, 
Nathalia, Tongala, and Rushworth. 

Magnitude, probability and impact of loss of load 

Demand at SHTS is summer peaking.  Growth in summer peak demand at SHTS has 
averaged around 6.6 MW (2.2%) per annum over the last 10 years.  Peak load on the station 
in the mild summer of 2011 reached 278.0 MW. 

Over the last 10 years Powercor has installed additional capacitors in a number of zone 
substations in the area to provide reactive support.  These have been required because of 
rapid increases in air-conditioning load, and to defer the high capital cost of transmission 
connection asset augmentation.  The third 150 MVA 220/66 kV transformer at the station 
was installed in July 2001. 

The chart below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station operational “N” rating (all transformers in service) and the “N−1” 
rating at 35°C ambient temperature. 

SHTS 66 kV Summer Peak Forecasts
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The chart shows there is sufficient capacity at the station to supply all expected load over 
the forecast period, even with one transformer out of service.  Therefore, the need for 
augmentation or other corrective action is not expected to arise over the next ten years.  

Page 1 of 1 1
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SOUTH MORANG TERMINAL STATION (SMTS 66 kV) 

Background 

A new 220/66 kV connection facility with two 220/66 kV 225 MVA transformers was 
established at the existing South Morang Terminal Station (SMTS) site in 2008, after the risk 
of supply interruption at Thomastown Terminal Station (TTS), for a single contingency event 
was assessed in the 2004, 2005 and 2006 Transmission Connection Planning Reports 
(TCPRs) as being unacceptable for summer 2008/09. 

Prior to committing to the proposed development of SMTS, SPI Electricity (SPIE) and 
Jemena Electricity Networks (JEN) completed a public “Expression of Interest” process for 
non-network alternatives, via the publication of the TCPR in 2004.  At the conclusion of the 
expression of interest process on 31 March 2005, no firm proposals for alternative solutions 
were received.  As a result, SPIE and JEN proceeded to implement the proposed network 
solution.  

Since then, new 220 kV and 66 kV connection assets at SMTS have been commissioned, 
and load has been transferred from TTS to SMTS progressively from December 2008 to 
October 2009.  In addition, a new zone substation Kalkallo has also been connected to 
SMTS.  The re-arrangement of 66 kV sub transmission loops to achieve the load transfers 
from TTS to SMTS has resulted in the 140 MVA Somerton Power Station (SPS) being 
connected to the SMTS 66 kV bus.  The geographic coverage of the area supplied by the 
new connection assets at SMTS spans from Seymour, Kilmore, Kalkallo, Kinglake and 
Rubicon in the north to Mill Park in the south and from Doreen and Mernda in the east to 
Somerton and Craigieburn in the west. 

Magnitude, probability and impact of loss of load 

Demand at SMTS 66 kV is summer peaking.  The graph below depicts the 10th and 50th 
percentile summer maximum demand forecast together with the station’s operational “N” 
rating (all transformers in service) and the “N-1” rating at 35°C as well as 40°C ambient 
temperature. 

SMTS 66 kV Summer Peak Forecasts
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The (N) rating on the above chart indicates the maximum load that can be delivered from 
SMTS with both transformers in service.   

With the projected growth in customer demand in the area, it is expected that SMTS will 
exceed its “N-1” rating in summer 2011/12, as shown in the graph above.  Winter demand at 
SMTS 66 kV is not expected to reach “N-1” rating during the current planning horizon until 
2017. 

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   

Annual Energy and Hours at Risk at SMTS 66 kV (Single Contingency Only)
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Comments on Energy at Risk assuming Somerton Power Station is unavailable 

Assuming that Somerton Power Station is unavailable, then for an outage of one transformer 
at SMTS over the entire summer period, there will be insufficient capacity at the station to 
supply all demand at the 50th percentile temperature for about 424 hours in summer 2015/16.  
The energy at risk at the 50th percentile temperature under N-1 conditions is estimated to be 
13,127 MWh in 2015/16.  The estimated value to consumers of the 13,127 MWh of energy at 
risk is approximately $796.7 million (based on a value of customer reliability of 
$60,691/MWh)1.  In other words, at the 50th percentile demand level, without any contribution 
from embedded generation and in the absence of any other operational response that might 
be taken to mitigate the impact of a forced outage, a major outage of one transformer at 
SMTS in 2015/16 would be anticipated to lead to involuntary supply interruptions that would 
cost consumers $796.7 million. 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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It is emphasised however, that the probability of a major outage of one of the two 
transformers occurring over the year is very low, at about 1.0% per transformer per annum, 
whilst the expected unavailability per transformer per annum is 0.217%.  When the energy at 
risk (13,127 MWh) is weighted by this low transformer unavailability, the expected unserved 
energy is estimated to be around 56.9 MWh.  This expected unserved energy is estimated to 
have a value to consumers of around $3.45 million (based on a value of customer reliability 
of $60,691/MWh). 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of moderate (50th percentile) temperatures occurring in 
each year.  Under more extreme temperature conditions (that is, at the 10th percentile level), 
the energy at risk in 2015/16 summer is estimated to be 108,894 MWh.  The estimated value 
to consumers of this energy at risk in 2015/16 summer is approximately $6609 million.  The 
corresponding value of the expected unserved energy is approximately $28.6 million. 

These key statistics for the year 2015/16 summer under N-1 outage conditions are 
summarised in the table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 13,127 $796.7 million 

Expected unserved energy at 50th percentile demand 56.9 $3.45 million 

Energy at risk, at 10th percentile demand forecast 108,894 $6609 million 

Expected unserved energy at 10th percentile demand 471.9 $28.6 million 

 

If one of the 220/66 kV transformers at SMTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, then the Overload Shedding Scheme for Connection 
Assets (OSSCA) which is operated by SPI PowerNet’s TOC2 to protect the connection 
assets from overloading3, will act swiftly to reduce the loads in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load to 
the rated capability of the station would be restored at feeder level in accordance with  
SPIE and JEN’s operational procedures after the operation of the OSSCA scheme. 

Comments on Energy at Risk assuming Somerton Power Station is available 

The previous comments on energy at risk are based on the assumption that there is no 
embedded generation available to offset the 220/66 kV transformer loading.  The Somerton 
Power Station (SPS) is capable of generating up to 140 MVA and this generation is 
connected to the SMTS 66 kV bus via SMTS-ST-SSS-SMTS 66 kV loop.  There is no firm 
commitment that generation will be available to offset transformer loading at SMTS; however 
it is most likely that the times of peak demand at SMTS will coincide with periods of high 
wholesale electricity prices, resulting in a high likelihood that SPS will be generating.  With 
SPS generation available to its full potential there would be no energy at risk at SMTS up to 
the summer of 2015/16.     

                                                 
2    Transmission Operation Centre. 
3   OSSCA is designed to protect against transformer damage caused by overloads.  Damaged 

transformers can take months to replace which can result in prolonged, long term risks to reliability of 
customer supply.  
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Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging capacity constraints: 

1. Implement contingency plans to transfer load to adjacent terminal stations.   

2. Install a third 225 MVA 220/66 kV transformer at South Morang Terminal Station (SMTS), 
which would also require the installation of fault limiting reactors.    

3. Demand Side Management.  SPI Electricity is currently using an MVA tariff to encourage 
large customers to improve their power factor and thus reduce load.  Up to 50% of the 
maximum demand at SMTS 66 kV is expected to be summer residential load, largely air 
conditioning.  With this existing load mix, SPI Electricity and Jemena are hopeful that the 
demand reduction initiatives will play a significant role in reducing the peak summer load 
at SMTS 66 kV.   

4. Embedded Generation.  As mentioned above, there is an embedded generator 
connected to SMTS.  A network support agreement with SPS or an additional generator 
connected to the SMTS 66 kV bus will help to defer the need for augmentation. 

Preferred network option for alleviation of constraints 

1. In the event if there are no firm commitments by interested parties to offer network 
support services by installing local generation or through demand side management 
initiatives that would reduce future load at SMTS 66 kV, then it will be proposed to install 
a new 220/66 kV transformer at SMTS 66 kV.  It would be economic for this option to be 
in place by summer 2015/16, ignoring any contribution from SPS.  However, when the 
likely generation contribution from SPS is taken into consideration, installation of a third 
transformer is not expected to be required in the next 8 to 10 years.   

The capital cost of installing a new third 220/66 kV transformer at SMTS is estimated to 
be in the order of $18-$20 million including the cost of installing three fault limiting 
reactors.  The cost of establishing, operating and maintaining a new transformer would 
be recovered from network users through network charges, over the life of the asset.  The 
estimated total annual cost of this network augmentation is approximately $1.8 to $2.0 
million.  This cost provides a broad upper bound indication of the maximum annual 
network support payment which may be available to embedded generators or demand 
management initiatives that results in the deferral of this transmission connection 
augmentation.  Any non-network solution that defers this augmentation for say 1-2 years, 
will not have as much potential value (and contribution available from distributors) as a 
solution that eliminates or defers the augmentation for, say, 10 years.  Sections 1.4 and 
1.5 of this report provide further background information to proponents of non-network 
solutions to emerging network constraints. 

2. Implement the following temporary measures to cater for an unplanned outage of one 
transformer at SMTS under critical loading conditions from 2012 until the new 220/66 kV 
transformer is commissioned: 

• maintain contingency plans to transfer load quickly to adjacent terminal stations;  

• rely on Somerton Power Station generation to reduce loading at SMTS 66 kV, and 
investigate the option of formalising a network support agreement with SPS;  
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• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the impact 
on customers of any load shedding that may take place to protect the connection 
assets from overloading; and 

• subject to the availability of SPI PowerNet’s (SPIP) spare 220/66 kV transformer for 
metropolitan areas (refer Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer.  It is noted that SPIP only has a 150 MVA 
spare transformer, so the SMTS 66 kV capacity will be reduced under these 
emergency conditions. 

 
The table on the following page provides more detailed data on the station rating, demand 
forecast, energy at risk and expected unserved energy. 
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SOUTH MORANG TERMINAL STATION 66kV   (SMTS 66 kV)
Detailed data:  Magnitude and probability of loss of load

Distribution Businesses supplied by this station: SPI Electricity (55%), Jemena Electricity Networks (45%)
Normal cyclic rating with all plant in service 530 MVA via 2 transformers (Summer peaking)
Summer N-1 Station Rating (MVA): 265
Winter N-1 Station Rating (MVA): 294

Station: SMTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
50th percentile Summer Maximum Demand (MVA) 292.1 312.9 338.0 366.5 396.9 426.8 459.2 494.6 533.0 574.8
Summer % Overload [See Note 2 below] 10.2% 18.1% 27.5% 38.3% 49.8% 61.0% 73.3% 86.6% 101.1% 116.9%
50th percentile Winter Maximum Demand (MVA) 244.5 253.9 265.8 279.2 292.1 303.0 314.3 326.1 338.4 351.1
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil 3.05% 6.91% 10.92% 15.09% 19.43%
Annual energy at risk (MWh)  [See Note 3 below] 184 699 2352 5999 13127 25382 45669 73964 110669 157327
Annual hours at risk  [See Note 4 below] 15.1 41.6 110.6 214.6 423.7 741.5 1074.2 1370.1 1665.1 2030.3
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.8 3.0 10.2 26.0 56.8 109.9 197.7 320.3 479.2 681.2

Expected Annual Unserved Energy valued in accordance 
with the Value of Customer Reliability as estimated in the 
August 2009 study commissioned by AEMO[See Note 6 
below]

$48,300 $183,806 $618,176 $1,576,596 $3,449,566 $6,670,106 $12,001,371 $19,437,038 $29,082,903 $41,344,278

 
 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 

Page 6 of 6 
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SPRINGVALE TERMINAL STATION (SVTS) 

Springvale Terminal Station (SVTS) is located in the south east of greater Melbourne, The 
geographic coverage of the station’s supply area spans from Blackburn in the north to 
Keysborough in the south and from Wantirna South in the east to Riversdale in the west.  
The electricity supply network for this large region is split between United Energy (UE) and 
CitiPower (CP). SVTS is a summer peaking station.   

Background 

SVTS was augmented with a new 150 MVA 220/66 kV transformer in 2006 to reinforce the 
security and reliability of supply for customers in the area.  The station now has four 150 
MVA 220/66 kV transformers and operates in a split bus arrangement. Under system normal 
conditions the No.1 & No.2 transformers (B1 & B2) are operated in parallel as one group 
(SVTS1266) and supply the No.1 & No.2 buses. The No.3 & No.4 transformers (B3 & B4) are 
operated in parallel as a separate group (SVTS3466) and supply the No.3 & No.4 buses. 
Connection between No.1 & No.4 buses is maintained via transfer buses No.5 & No.6.  The 
66 kV bus 2-3 and bus 4-5 tie circuit breakers are operated normally open to limit the fault 
levels on the 66 kV buses to within switchgear ratings. For an unplanned outage of any one 
of the four transformers, 66 kV bus 2-3 and bus 4-5 tie circuit breakers will close 
automatically and maintain the station in a 3-transformer closed loop arrangement. Given this 
configuration, the demand on the station will therefore need to be controlled as follows: 

• Load demand on the SVTS1266 group should be kept within the capabilities of the 
two transformers B1 & B2 at all times. 

• Load demand on the SVTS3466 group should be kept within the capabilities of the 
two transformers B3 & B4 at all times. 

• Load demand on the total station should be kept within the capabilities of any three 
transformers when one transformer is out of service. 

The peak load on the station reached 449.3 MW (462.6 MVA) in summer 2010.  The 
recorded peak demand in summer 2011 was 455.2 MW (468.2 MVA), which is marginally 
higher than the 2010 peak but substantially lower than the 2009 peak (490.7 MVA)  This is 
attributed to the comparatively mild weather conditions observed during summers 2009 & 
2010. 

The magnitude, probability and load at risk for the two transformer groups are considered 
below. 

 

SVTS 1266 (B12) Bus Group Summer Peak Forecasts 

The recorded peak demand in summer 2011 for the SVTS1266 bus group was 254.5 MW 
(262.7 MVA).  The graph below depicts the summer maximum demand forecasts (50th PoE & 
10th PoE) for SVTS1266 and the corresponding rating with both B1 & B2 transformers 
operating.  It shows that with both transformers in service, there is adequate capacity to meet 
the anticipated maximum demand until 2018, beyond which time it is intended to balance the 
load between the two bus groups or transfer load away so that the load in each bus group is 
kept below its N rating. 

This bus group supplies UE’s zone substations NP, SS, CDA, OE, SV and SVW. 
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SVTS 3466 (B34) Bus Group Summer Peak Forecasts 

The recorded peak demand in summer 2011 for the SVTS3466 bus group was 200.7 MW 
(205.6 MVA). The graph below depicts the summer maximum demand forecasts (50th PoE & 
10th PoE) for SVTS1266 and the corresponding rating with both B1 & B2 transformers 
operating.  It shows that with both transformers in service, there is adequate capacity to meet 
the anticipated maximum demand for the current 10 year planning period.  
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This bus group supplies UE’s zone substations EB, GW and NO, and Citipower’s zone 
substation, RD. 
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Magnitude, probability and impact of loss of load 

System Normal Condition (All 4 transformers in service) 

There is no energy at risk under system normal conditions at SVTS. 

N-1 System Condition 

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational N rating (all transformers in service) and the N-1 rating 
at 35°C as well as 40°C ambient temperature. 
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The N rating on the chart indicates the maximum load that can be supplied from SVTS with 
all transformers in service.  Exceeding this level will initiate SPI PowerNet’s automatic load 
shedding scheme. 

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability.  The line graph shows the value to consumers of 
the expected unserved energy in each year, for the 50th percentile demand forecast.   
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Comments on Energy at Risk 

For an outage of one transformer at SVTS, it is expected that from 2014, there would be 
insufficient capacity at the station to supply all demand at the 50th percentile temperature. 

By the end of the ten-year planning period in 2021, the energy at risk under N-1 conditions is 
estimated to be 1,219 MWh at the 50th percentile demand forecast.  Under these conditions, 
there would be insufficient capacity to meet demand for 39 hours in that year.  The estimated 
value to customers of the 1,219 MWh of energy at risk in 2021 is approximately $92.4 million 
(based on a value of customer reliability of $75,819/MWh)1.  In other words, at the 50th 
percentile demand level, and in the absence of any other operational response that might be 
taken to mitigate the impact of a forced outage, a major outage of one transformer at SVTS 
over the summer of 2021 would be anticipated to lead to involuntary supply interruptions that 
would cost consumers $92.4 million. 

Typically, the probability of a major outage of a terminal station transformer occurring over 
the year is very low at about 1.0% per transformer per annum, whilst the expected 
unavailability per transformer per annum is 0.217%.  When the energy at risk (1,219 MWh in 
2021) is weighted by this low unavailability, the expected unserved energy is estimated to be 
around 10.5 MWh.  This expected unserved energy is estimated to have a value to 
consumers of around $794,000 (based on a value of customer reliability of $75,819/MWh).  
SPI PowerNet has indicated that two of the four transformers at SVTS have an elevated 
failure rate due to the age and condition of the transformers.  Therefore the expected 
unserved energy calculated above may underestimate the risk at this station.  Given 
SPI PowerNet has plans in place to replace these transformers as part of its asset 
replacement program, the elevated failure rates are unlikely to advance any augmentation 
requirement at this terminal station. 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) temperatures occurring in 
each year.  Under 10th percentile temperature conditions, the energy at risk in 2021 is 
estimated to be 1,820 MWh.  The estimated value to consumers of this energy at risk in 2021 
is approximately $138.0 million.  The corresponding value of the expected unserved energy 
is approximately $1.2 million.   

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 1,219 $92.4 million 

Expected unserved energy at 50th percentile demand 10.5 $794,000 

Energy at risk, at 10th percentile demand forecast 1,820 $138.0 million 

Expected unserved energy at 10th percentile demand 15.6 $1.2 million 

 

If one of the 220/66 kV transformers at SVTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, the OSSCA2 load shedding scheme which is operated by 
SPI PowerNet’s NOC3 will act swiftly to reduce the loads in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load to 
the rated capability of the station would be restored at zone substation feeder level in 
accordance with United Energy’s and CitiPower’s operational procedures after the operation 
of the OSSCA scheme. 

In the case of SVTS supply at maximum loading periods, and based on the Schedule of 
Priority Load Shedding recommended by the Demand Reduction Committee, the OSSCA 
scheme would shed about 110 MVA of load, affecting approximately 23,500 customers in 
2012. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Implement a contingency plan to transfer load to adjacent terminal stations.  Both United 
Energy and CitiPower have established and implemented the necessary plans that 
enable load transfers under contingency conditions via the 66 kV subtransmission and/or 
the high voltage 22 kV and 11 kV distribution networks.   

2. Establish a new 220/66 kV terminal station in the Dandenong area to off-load SVTS.  

3. Install a third 225 MVA 220/66 kV transformer at Malvern terminal station (MTS) to off-
load SVTS.    

4. Demand reduction: United Energy has developed a number of innovative network tariffs 
to encourage voluntary demand reduction during times of network constraints.  The 
amount of demand reduction depends on the tariff uptake and the subsequent change in 

                                                 
2  Overload Shedding Scheme of Connection Asset. 
3  Network Operations Centre 
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load pattern and will be taken into consideration when determining the optimum timing for 
the capacity augmentation. 

5. Embedded generation, in the order of 20 MVA, connected to the network supplied by the 
SVTS 66 kV bus, will help to defer augmentation in the area by one year. 

Preferred network option(s) for alleviation of constraints 

1. Implement the following temporary measures to cater for an unplanned outage of one 
transformer at SVTS under critical loading conditions: 

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 

• fine-tune the OSSCA scheme settings in conjunction with NOC to minimise the 
impact on customers of any automatic load shedding that may take place; and 

• subject to the availability of SPI PowerNet’s spare 220/66 kV transformer for 
metropolitan areas (refer to Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer. 

2. In the absence of any commitment by interested parties to offer network support services 
by installing local generation or through demand side management initiatives that would 
reduce load at SVTS, it is proposed to install a new 225 MVA 220/66 kV transformer at 
MTS.  On the present forecasts an additional transformer at MTS to off-load SVTS is not 
likely to be required within the ten year planning horizon.  The capital cost of installing a 
225 MVA 220/66 kV transformer at MTS is estimated to be $16 million (this excludes 
66 kV line works required to off-load SVTS).  The cost of establishing, operating and 
maintaining a new transformer would be recovered from network users through network 
charges, over the life of the asset.  

The estimated total annual cost of the transmission component of this network 
augmentation is approximately $1.6 million (excluding 66 kV line works).  This cost 
provides a broad upper bound indication of the maximum network support payment which 
may be available to embedded generators or customers to reduce forecast demand, and 
to defer or avoid the transmission connection component of this augmentation.  Sections 
1.4 and 1.5 of this report provide further background information to proponents of non-
network solutions to emerging constraints.  

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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SPRINGVALE TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: United Energy Distribution (92.3%) and CitiPower (7.7%) 
Station operational rating (N elements in service): 673 MVA via 4 transformers (Summer peaking) 
Summer N-1 Station Rating: 505 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating: 560 MVA 
 
Station: SVTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

50th percentile Summer Maximum Demand (MVA) 484.5 488.4 498.4 511.6 521.7 534.7 543.6 554.3 570.6 582.6

Summer % Overload [See Note 2 below] Nil Nil Nil 1% 3% 6% 8% 10% 13% 15%

50th percentile Winter Maximum Demand (MVA) 361.9 369.3 378.9 386.2 395.7 402.2 409.9 421.8 430.6 439.2

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

Annual energy at risk (MWh)  [See Note 3 below] 0 0 0 34 111 244 359 534 871 1,219

Annual hours at risk  [See Note 4 below] 0 0 0 7 10 13 16 19 29 39
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.0 0.0 0.0 0.3 1.0 2.1 3.1 4.6 7.5 10.5

Expected Annual Unserved Energy value [See Note 6 
below] $k $k $k $22k $72k $159k $234k $348k $568k $794k

 
 
 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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TYABB TERMINAL STATION (TBTS) 

TBTS consists of two 150 MVA 220/66 kV transformers, and is the main source of supply for 
over 113,000 customers on the Mornington Peninsula.  The geographic coverage of the area 
spans from Frankston in the north to Portsea in the south. 

TBTS 66 kV is a summer critical station.  Summer peak demand at TBTS generally occurs 
on days of high ambient temperature during the summer holiday period (from 25 December 
to the end of January).  Given the peak demand at TBTS is directly related to air-conditioning 
use during the holiday periods along the costal belt of the Mornington Peninsula during 
summer, the peak is very sensitive to the maximum ambient temperature at this time.  The 
station reached its highest recorded peak demand of 283.4 MW (298.0 MVA) on Thursday 
29 January 2009 when the ambient temperature in Mornington reached 42ºC.  The peak 
demand in summer 2011 was 214.3 MW (219.7 MVA), which was approximately 52 MW 
below the 2010 peak.  This is mainly attributed to permanent load transfers from TBTS to 
CBTS implemented by United Energy during 2010 and the comparatively mild weather 
conditions observed during summer 2011.   

Major sub-transmission line works completed in 2001 resulted in transfer of about 100 MVA 
of load away from critically loaded terminal stations at East Rowville (ERTS) and Heatherton 
(HTS) to TBTS for summer 2002.  As the result of this transfer, TBTS has exceeded its N-1 
thermal rating since summer 2003.  In the event of a transformer outage, the capacity of the 
remaining transformer has been insufficient to supply the total connected demand at TBTS 
since 2003.  The amount of energy at risk has gradually increased over time with demand 
growth in the area.  

The significance of this capacity constraint has long been identified and documented in 
previous issues of the TCPR.  As a result, a Regulatory Test has since been undertaken with 
a project initiated in 2011 to install a 150 MVA 220/66 kV third transformer that will relieve the 
present capacity constraints at TBTS.  The estimated cost of the project is approximately 
$15 million and the project is expected to be completed prior to summer 2013/14.        

Magnitude, probability and impact of loss of load 

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational N rating (all transformers in service) and the N-1 rating 
at 35°C as well as 40°C ambient temperature.  It indicates that the anticipated demand at 
TBTS will be below its N-1 rating for the foreseeable future once the third transformer is 
commissioned in 2014 as planned.  

 

 Page 1 of 4
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TBTS Summer Peak Forecasts
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The N rating on the chart indicates the maximum load that can be supplied from TBTS with 
all transformers in service.  Exceeding this level will initiate SPI PowerNet’s automatic load 
shedding scheme. 

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.  It indicates that no energy will be at risk for a single transformer outage based on 
the current 50th percentile demand forecast for the foreseeable future once the third 
transformer is installed in 2014.   

Annual Energy and Hours at Risk at TBTS (Single Contingency Only)
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United Energy presently has a 66 kV emergency tie line available between TBTS and 
Cranbourne (CBTS) via Frankston (FTS) that can be switched remotely, allowing transfer of 
load from TBTS to CBTS, to cater for loss of a transformer at TBTS in the period prior to the 
installation of the third transformer at TBTS. 
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TYABB TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: United Energy (100%) 
Station operational rating (N elements in service): 389 MVA  and 584 MVA with 2 and 3 transformers respectively (Summer peaking) 

 
Summer N-1 Station Rating: 187 MW (195 MVA) and 374 MW (389 MVA) with 2 and 3 transformers respectively [See Note 1 

below for interpretation of N-1] 
 

Winter N-1 Station Rating: 202 MW (206 MVA) and 404 MW (412 MVA) with 2 and 3 transformers respectively 
 

 

Station: TBTS 66 kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 250.7 262.7 270.4 280.6 288.4 298.1 304.3 314.1 326.5 335.2 

Summer % Overload [See Note 2 below] 29% 35% Nil Nil Nil Nil Nil Nil Nil Nil 
50th percentile Winter Maximum Demand (MVA) 234.9 241.8 250.7 257.5 266.0 271.5 280.1 291.0 298.5 306.0 

Winter % Overload [See Note 2 below] 14% 17% 22% Nil Nil Nil Nil Nil Nil Nil 
Annual energy at risk (MWh)  [See Note 3 below] 1,806 3,171 921 0 0 0 0 0 0 0 

Annual hours at risk  [See Note 4 below] 153 232 97 0 0 0 0 0 0 0 

Expected annual unserved energy (MWh)  [See Note 5 
below] 7.8 13.7 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Expected Annual Unserved Energy value [See Note 6 
below] $78k $137k $40k $0k $0k $0k $0k $0k $0k $0k 

 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
7. It is assumed that the third 150 MVA 220/66 kV transformer will be commissioned prior summer 2013/14.  
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TERANG TERMINAL STATION (TGTS) 66kV 

Terang Terminal Station (TGTS) 66 kV consists of one 125 MVA transformer and one 150 
MVA 220/66 kV transformer and is the main source of supply for over 64,700 customers in 
Terang and the surrounding area.  The terminal station supply area includes Terang, Colac, 
Camperdown, Cobden, Warrnambool, Koroit, Portland and Hamilton. 

Magnitude, probability and impact of loss of load 

In 2007, as part of its asset replacement program, SPI PowerNet replaced the existing 1A 
and 1B 125 MVA single phase transformer bank at the station with a new 150 MVA three 
phase transformer unit. This has marginally increased the cyclic rating of the station as the 
previous cyclic rating was based on the rating of the 1A & 1B transformer bank (i.e. for loss 
of the #2 transformer).  This step change in station cyclic rating is depicted in the graph 
below.   

TGTS 66 kV demand is summer peaking but peaks can occur in spring depending upon the 
dairy industry load.  Growth in summer peak demand at TGTS has averaged around 2.7 MW 
or 1.6% per annum over the last 5 years.  The peak load on the station reached 167.5 MW 
in summer 2011 (Jan 2011).  It is noted that Summer 2010/11 was a relatively mild summer, 
and therefore lower than usual maximum demands were observed at the station.  This is 
reflected in the growth rate referred to above. 

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the stations operational “N” rating (all transformers in service) and the “N-1” 
rating at 35°C.   

TGTS 66kV Summer Peak Forecasts

0.0

50.0

100.0

150.0

200.0

250.0

300.0

350.0

400.0

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

M
VA

(N) rating @ 35 deg C

(N-1) Rating @ 35 deg C

Actuals Forecasts

10% Weather Probability Forecast

50% Weather Probability Forecast
30 min interval data used from 2010, as 
per AEMO revised standard.

Rating correction by SPAusNet

Rating correction by SPAusNet

  

The (N) rating on the chart indicates the maximum load that can be supplied from TGTS with 
all transformers in service. 
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The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   
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Comments on Energy at Risk  

For an outage of one transformer at TGTS, there will be insufficient capacity at the station to 
supply all demand at the 50th percentile temperature for about 74 hours in 2021.  The energy 
at risk at the 50th percentile temperature under N-1 conditions is estimated to be 836 MWh in 
2021.  The estimated value to consumers of the 836 MWh of energy at risk is approximately 
$61.3 million (based on a value of customer reliability of $73,355 per MWh).1  In other 
words, at the 50th percentile demand level, and in the absence of any other operational 
response that might be taken to mitigate the impact of a forced outage, a major outage of 
one transformer at TGTS in 2021 would be anticipated to lead to involuntary supply 
interruptions that would cost consumers $61.3 million. 

It is emphasised however, that the probability of a major outage of one of the two 
transformers occurring over the year is very low at about 1.0% per transformer per annum, 
while the expected unavailability per transformer per annum is 0.217%.  When the energy at 
risk (836 MWh for 2021) is weighted by this low unavailability, the expected unsupplied 
energy is estimated to be around 3.6 MWh.  This expected unserved energy is estimated to 
have a value to consumers of around $266,000 (based on a value of customer reliability of 
$73,355 per MWh). 

The demand at Terang Terminal Station is driven primarily by the dairy industry, and is 
therefore relatively insensitive to summer temperature variations.  Therefore, the demand 
forecasts for the 10th percentile and 50th percentile temperatures are similar. 

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, 

weighted in accordance with the composition of the load at this terminal station. 
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Key statistics relating to energy at risk and expected unserved energy for the year 2021 
under N-1 outage conditions are summarised in the table below.   

 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 836 $61.3million 

Expected unserved energy at 50th percentile demand 3.6 $266,000 

Energy at risk, at 10th percentile demand forecast 1,940 $142.3 million 

Expected unserved energy at 10th percentile demand 8.4 $617,000 

 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

• Replacing the #2 125 MVA 220/66 kV transformer at TGTS with a 150 MVA unit.  
For an indicative installation cost of $3 million this option will most likely prove to be 
uneconomic as it only provides a marginal increase in station capacity, hence 
necessitating additional capacity augmentation shortly afterwards. 

• Installation of a third 220/66 kV transformer (150 MVA) at TGTS.  

• Demand reduction:  There is an opportunity to develop a number of innovative 
customer schemes to encourage voluntary demand reduction during times of 
network constraint.  The amount of demand reduction would depend on the 
customer uptake and would be taken into consideration when determining the 
optimum timing for any future capacity augmentation. 

• Embedded generation.  Connection of ‘wind farm’ generation into the 66 kV 
infrastructure ex-TGTS has been implemented.  Yambuk wind farm (30 MW) was 
commissioned in 2005 and this combined with Codrington wind farm (18.2 MW 
commissioned in 2001) provides a total wind generation capacity of 48.2 MW.  
Additional wind generation is being investigated in the area supplied by TGTS and 
this may defer any capacity augmentation planned for TGTS.   

Preferred option(s) for alleviation of constraints 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at TGTS, it is proposed to:  

1. Install a third 220/66 kV transformer (150 MVA) at TGTS.  On the basis of the medium 
economic growth scenario and 50th percentile weather probability, the transformer would 
not be expected to be commissioned before 2021 to support the critical peak demand.  
As previously stated, the impact of connected ‘wind farm’ generation may defer the need 
for network augmentation; 
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2. As a temporary measure, maintain contingency plans to transfer load quickly to the 
Geelong Terminal Station (GTS) by the use of the 66 kV tie lines between TGTS and 
GTS in the event of an unplanned outage of one transformer at TGTS under critical 
loading conditions.  This load transfer is in the order of 15 MVA.  Under these temporary 
measures, affected customers would be supplied from the 66 kV tie line infrastructure on 
a radial network, thereby reducing their level of reliability; 

3. Subject to the availability of the SPI PowerNet spare 220/66 kV transformer for rural 
areas (refer Section 4.5), this spare transformer can be used to temporarily replace a 
failed transformer to minimise the transformer outage period. 

The capital cost of installing a 150 MVA 220/66 kV transformer at TGTS is estimated to be 
$13.5 million.  The cost of establishing, operating and maintaining a new transformer would 
be recovered from network users through network charges, over the life of the asset.  The 
estimated total annual cost of this network augmentation is $1.3 million.  This cost provides 
a broad upper bound indication of the maximum contribution from distributors which may be 
available to embedded generators or customers to reduce forecast demand and defer or 
avoid the transmission connection component of this augmentation.  Any non-network 
solution that defers this augmentation for say 1 to 2 years, will not have as much potential 
value (and contribution available from distributors) as a solution that eliminates or defers the 
augmentation for, say, 10 years.  Sections 1.4 and 1.5 of this report provide further 
background information to proponents of non-network solutions to emerging constraints.  

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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TGTS Terminal Station           
Detailed data:  Magnitude and probability of loss of load          
 
Distribution Businesses supplied by this station: Powercor (100%)  

 

  MW MVA         
Normal cyclic rating with all plant in service   332 via 2 transformers (summer)      
Summer N-1 Station Rating:  161 166 [See Note 1 below for interpretation of N-1]    
Winter N-1 Station Rating:  181 185 [See Note 7 below for revised rating]     
  
           

Station:  TGTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 190.9 193.1 196.2 197.7 199.2 200.8 202.3 203.9 205.4 207.0 

Summer % Overload [See Note 2 below] 15.02 16.30 18.20 19.11 20.02 20.94 21.87 22.81 23.76 24.70 

50th percentile Winter Maximum Demand (MVA) 187.2 188.8 191.7 193.1 194.5 196.0 197.4 198.9 200.4 201.8 

Winter % Overload [See Note 2 below] 1.19 2.05 3.62 4.39 5.16 5.93 6.72 7.51 8.31 9.08 

Annual energy at risk (MWh)  [See Note 3 below] 135.2 175.6 259.8 311.1 370.5 438.8 517.7 608.8 715.4 836.1 

Annual hours at risk  [See Note 4 below] 15.8 19.5 27.5 32.8 37.8 43.5 49.8 56.0 64.0 73.8 

Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.59 0.76 1.13 1.35 1.61 1.90 2.24 2.64 3.10 3.62 

Expected Annual Unserved Energy [See Note 6 below] $42,966 $55,811 $82,598 $98,888 $117,761 $139,477 $164,573 $193,522 $227,414 $265,771 

Notes:           
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade.  
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.        
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.  
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an 

outage with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4.    
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 
7. The 1A & 1B 125 MVA single phase transformer bank was replaced by a 150 MVA three phase transformer unit in 2007 as part of SPI PowerNet’s asset replacement 

program.  This has marginally increased the summer and winter N-1 station ratings as shown above.  
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TEMPLESTOWE TERMINAL STATION (TSTS) 

TSTS consists of three 150 MVA 220/66 kV transformers, and is the main source of supply 
for a major part of the north-eastern metropolitan area.  The geographic coverage of the 
supply area spans from Eltham in the north to Canterbury in the south and from Mitcham in 
the east to Kew in the west.  The electricity supply network for this large region is split 
between United Energy, CitiPower, SPI Electricity and Jemena Electricity Networks. 

TSTS 66 kV is critically loaded in summer.  The load on the station reached 357.6 MW 
(377.1 MVA) in summer 2009.  The recorded peak demand in summer 2011 was 311.1 MW 
(321.9 MVA), which is approximately 46 MW lower than the 2009 peak.  This is attributed to 
the comparatively mild weather conditions observed during summers of 2010 and 2011 
compared to the abnormally extreme weather conditions that prevailed in 2009. 

Magnitude, probability and impact of loss of load 

The graph below depicts the 50th percentile summer maximum demand forecast together 
with the station’s operational N rating (all transformers in service) and the N-1 rating at 35°C 
as well as 40°C ambient temperature. 
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The N-1 rating at TSTS was restricted by over-voltage limits on transformer tapping until 
summer 2004.  With the installation of a 50 MVAr capacitor bank at TSTS in December 2002 
and improvement in the station power factor from 0.85 in 1994 to 0.91 in 2004, the station 
rating was subsequently reviewed and increased in 2004.  The review, carried out by 
SPI PowerNet, indicated that the over-voltage limit on transformer tapping was no longer a 
constraint and could be removed.   

The N rating on the chart indicates the maximum load that can be supplied from TSTS with 
all transformers in service.  Exceeding this level will initiate SPI PowerNet’s automatic load 
shedding scheme. 

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
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is expected to exceed the N-1 capability rating.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   
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Comments on Energy at Risk 

For an outage of one transformer at TSTS, it is expected that from 2015, there would be 
insufficient capacity at the station to supply all demand at the 50th percentile temperature. 

By the end of the ten-year planning period in 2021, the energy at risk under N-1 conditions is 
538 MWh at the 50th percentile demand forecast.  Under these conditions, there would be 
insufficient capacity to meet demand for 26 hours in that year.  The estimated value to 
customers of the 538 MWh of energy at risk in 2021 is approximately $31.1 million (based on 
a value of customer reliability of $57,773/MWh)1.  In other words, at the 50th percentile 
demand level, and in the absence of any other operational response that might be taken to 
mitigate the impact of a forced outage, a major outage of one transformer at TSTS over the 
summer of 2021 would be anticipated to lead to involuntary supply interruptions that would 
cost consumers $31.1 million. 

It is emphasised however, that the probability of a major outage of one of the three 
transformers occurring over the year is very low at about 1.0% per transformer per annum, 
whilst the expected unavailability per transformer per annum is 0.217%.  When the energy at 
risk (538 MWh in 2021) is weighted by this low unavailability, the expected unserved energy 
is estimated to be around 3.5 MWh.  This expected unserved energy is estimated to have a 
value to consumers of around $200,600 (based on a value of customer reliability of 
$57,773/MWh). 

                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) temperatures occurring in 
each year.  Under 10th percentile temperature conditions, the energy at risk in 2021 is 
estimated to be 1,372 MWh.  The estimated value to consumers of this energy at risk in 2021 
is approximately $79.3 million.  The corresponding value of the expected unserved energy is 
approximately $512,000. 

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 538 $31.1 million 

Expected unserved energy at 50th percentile demand 3.5 $200,600 

Energy at risk, at 10th percentile demand forecast 1,372 $79.3 million 

Expected unserved energy at 10th percentile demand 8.9 $512,000 

 

If one of the 220/66 kV transformers at TSTS is taken off line during peak loading times and 
the N-1 station rating is exceeded, the OSSCA2 load shedding scheme which is operated by 
SPI PowerNet’s TOC3 will act swiftly to reduce the loads in blocks to within safe loading 
limits.  Any load reductions that are in excess of the minimum amount required to limit load to 
the rated capability of the station would be restored at zone substation feeder level in 
accordance with each distribution company’s operational procedures after the operation of 
the OSSCA scheme. 

In the case of TSTS supply at maximum loading periods, and based on the Schedule of 
Priority Load Shedding recommended by the Demand Reduction Committee, the OSSCA 
scheme would shed about 70 MW of load, affecting approximately 20,000 customers in 
2012. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Implement a contingency plan to transfer load to adjacent terminal stations.  United 
Energy, CitiPower, SPI Electricity and Jemena Electricity Networks have established and 
implemented the necessary plans that enable load transfers under contingency 
conditions.   

2. Establish a new 220/66 kV terminal station.   Two terminal station sites, one in Doncaster 
(DCTS) and another in Kew (KWTS), have been reserved for possible future electrical 
infrastructure development to meet customers’ needs in the area.  With established 
220 kV tower lines to both sites, development of either of these sites could be economic 
depending upon the geographical location of additional customer load.   

                                                 
2  Overload Shedding Scheme of Connection Asset. 
3  Transmission Operations Centre 
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3. Install a fourth 150 MVA 220/66 kV transformers at TSTS.  There is provision in the yard 
for an additional transformer.   

4. Demand Side Management: United Energy has developed a number of innovative 
network tariffs that will encourage voluntary demand reduction during times of network 
constraints.  The amount of demand reduction depends on the tariff uptake and the 
subsequent change in load pattern, and will be taken into consideration when 
determining the optimum timing for any capacity augmentation. 

5. Embedded generation, in the order of 15 MVA, connected to the network supplied by 
TSTS 66 kV bus, will help to defer augmentation in the area by one year. 

Preferred network option(s) for alleviation of constraints 

1. Implement the following temporary measures to cater for an unplanned outage of one 
transformer at TSTS under critical loading conditions:  

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the 
impact on customers of any load shedding that may take place; and 

• subject to the availability of SPI PowerNet’s spare 220/66 kV transformer for 
metropolitan areas (refer to Section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer. 

2. In the absence of any commitment by interested parties to offer network support services 
by installing local generation or through demand side management initiatives that would 
reduce load at TSTS, it is proposed to install a fourth 220/66 kV transformer at TSTS.  On 
the present forecasts an additional 220/66 kV transformer is not likely to be required 
within the ten year planning horizon.  The capital cost of installing a 220/66 kV 
transformer at TSTS is estimated to be $16 million.  The cost of establishing, operating 
and maintaining a new transformer would be recovered from network users through 
network charges, over the life of the asset. 

The estimated total annual cost of the transmission component of this network 
augmentation is approximately $1.6 million.  This cost provides a broad upper bound 
indication of the maximum network support payment which may be available to 
embedded generators or customers to reduce forecast demand, and to defer or avoid the 
transmission connection component of this augmentation.  Sections 1.4 and 1.5 of this 
report provide further background information to proponents of non-network solutions to 
emerging constraints.    

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy.  
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TEMPLESTOWE TERMINAL STATION 66 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: United Energy (47%), CitiPower (22%), SPI Electricity (24%), Jemena (7%) 
Station operational rating (N elements in service):  549 MVA via 3 transformers (Summer peaking) 
Summer N-1 Station Rating:  366 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating:  417 MVA 
 
Station: TSTS 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

50th percentile Summer Maximum Demand (MVA) 349.9 356.4 362.3 369.3 375.2 382.1 387.6 393.5 401.4 408.0

Summer % Overload [See Note 2 below] Nil Nil Nil 1% 3% 4% 6% 8% 10% 11%

50th percentile Winter Maximum Demand (MVA) 273.3 277.9 283.2 287.7 293.1 297.3 301.8 307.7 312.8 317.8

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil

Annual energy at risk (MWh)  [See Note 3 below] 0 0 0 20 60 125 191 272 407 538

Annual hours at risk  [See Note 4 below] 0 0 1 6 10 13 16 18 22 26
Expected Annual Unserved Energy (MWh)  [See Note 5 
below] 0.0 0.0 0.0 0.1 0.4 0.8 1.2 1.8 2.6 3.5

Expected Annual Unserved Energy value [See Note 6 
below] $k $k $k $7k $22k $46k $71k $101k $152k $201k

 
 
 
Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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THOMASTOWN TERMINAL STATION 66 kV (TTS 66 kV) 

Thomastown Terminal Station (TTS) is located in the north of greater Melbourne.  It operates 
at 220/66 kV and supplies Jemena Electricity Networks and SPI Electricity customers in the 
Thomastown, Coburg, Preston, Watsonia, North Heidelberg, Lalor, Coolaroo and 
Broadmeadows areas. 

Background 

TTS has five 150 MVA transformers and is a summer critical station.  Under system normal 
conditions, the No.1 & No.2 transformers are operated in parallel as one group (TTS(B12)) 
and supply the No.1 & No.2 66 kV buses.  The No.3, No.4 & No.5 transformers are operated 
in parallel as a separate group (TTS(B34)) and supply the No.3 & No.4 66 kV buses.  The 
66 kV bus 2-3 and bus 1-4 tie circuit breakers are operated open to limit the maximum 
prospective fault levels on the four 66 kV busses to within switchgear ratings.  For an 
unplanned transformer outage in the TTS(B12) group, the No.5 transformer will automatically 
change over to the TTS(B12) group.  Therefore, an unplanned transformer outage of any one 
of the five transformers at TTS will result in both the TTS(B12) & TTS(B34) groups being 
comprised of two transformers each.  Given this configuration, load demand on the TTS(B12) 
group must be kept within the capabilities of the two transformers at all times or load 
shedding may occur. 

The risk of supply interruption at Thomastown Terminal Station (TTS) has previously been 
assessed as being unacceptable for summer 2008/09, and the establishment of new 
220/66 kV connection assets at the existing South Morang Terminal Station (SMTS) site was 
identified (in the 2004, 2005 and 2006 Transmission Connection Planning Reports) as the 
most economic network solution.  Prior to committing to the preferred network solution, 
Jemena Electricity Networks and SPI Electricity completed a public “Expression of Interest” 
process for non-network alternatives, via the publication of the Transmission Connection 
Planning Report in 2004.  At the conclusion of the expression of interest process on 
31 March 2005, no firm proposals for alternatives to the network augmentation had been 
received.  In the absence of any commitment by interested parties to offer non-network 
solutions, Jemena Electricity Networks and SPI Electricity proceeded to implement the 
proposed network solution. 

The new 220/66 kV connection assets at SMTS were commissioned in 2008/09 and the re-
arrangement of 66 kV lines (including the Somerton Power Station connection to SMTS) and 
load transfers to SMTS were fully commissioned in October 2009. 

Transformer group TTS (B12) Summer Peak Forecasts 

The graph below depicts the summer maximum demand forecasts (for 50th and 10th 
percentile temperatures) for TTS (B12) and the corresponding rating with both transformers 
(B1 & B2) operating.  It shows that with all transformers in service, there is adequate capacity 
to meet the anticipated maximum load demand until summer 2013/14, even under a 
transformer outage condition (because, as explained above, the No.5 transformer will 
automatically change over to the TTS(B12) group in the event of an outage of either 
transformer on B1 or B2).  From summer 2014/15 onwards, there is insufficient capacity to 
meet the anticipated maximum load demand for the remainder of the forecast period.  It is 
intended to balance the load between the two bus groups so that the load in each bus group 
is kept below each group’s respective N rating. 
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TTS(B12) Summer Peak Forecasts
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Transformer group TTS (B34) Summer Peak Forecasts 

The graph below depicts the TTS (B34) rating with all transformers (B3, B4 & B5) in service 
(“N” rating), and with one of the three transformers out of service (“N-1” rating), along with 
the 50th and 10th percentile summer maximum demand forecasts.   

TTS(B34) Summer Peak Forecasts
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The above graph shows that with all transformers in service, there is adequate capacity to 
meet the anticipated maximum load demand for the entire forecast period.  However, if there 
is a forced transformer outage during peak load periods from 2016 onwards, some 
customers might be affected.  
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Magnitude, probability and impact of loss of load at TTS 

The magnitude, probability and load at risk for the two transformer groups are considered 
together below.  

System Normal Condition (All 5 transformers in service) 

The bar chart below depicts the energy at risk under system normal conditions for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N capability rating.  The line graph shows the value to consumers 
of the expected unserved energy in each year, for the 50th percentile demand forecast.  It 
should be noted that the energy at risk on the TTS (B12) group is the same as the expected 
unserved energy in each year because the No.5 transformer will be normally operated in 
parallel with the TTS (B34) group. 

Annual Energy and Hours at Risk and Expected Customer Value at TTS (B12) 
under system normal condition
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N-1 System Condition 

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating for the TTS (B34) group.  The line graph 
shows the value to consumers of the expected unserved energy in each year, for the 50th 
percentile demand forecast. 
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Annual Energy and Hours at Risk and Expected Customer Value at TTS(B34) 
under (N-1) condition
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Comments on Energy at Risk at TTS 

From 2012 onwards, there will be sufficient capacity at the station to supply all customer 
demand until 2019 under system normal (N condition) for the 50th percentile demand 
forecast.  However from 2018 onwards, for a transformer (N-1 condition) on the TTS (B34) 
group over the summer peak load period, there would be insufficient capacity at the station to 
supply all customer demand.  

For summer 2020/21, the energy that would not be supplied for a system normal (N) 
condition and a transformer outage (N-1 condition) on the TTS transformer groups is 
estimated to be 15 MWh and 53 MWh respectively for the 50th percentile demand forecast.  
In the event of a major transformer outage over the summer 2020/21 period, there would be 
insufficient capacity to meet demand for about 11 hours in that year for N and (N-1) 
conditions.  The estimated value to consumers of the 15 MWh and 53 MWh of energy that 
would not be supplied is approximately $914,000 and $3.2 million respectively (based on a 
value of customer reliability of $60,600/MWh)1.  In other words, at the 50th percentile summer 
demand level, and in the absence of any other operational response that might be taken to 
mitigate the impacts on customers: 

• Under system normal conditions over the summer 2020/21, insufficient capacity at 
TTS would be expected to lead to involuntary supply interruptions that would cost 
consumers $914,000; and 

• A major outage of one transformer at TTS over the summer of 2020/21 would be 
anticipated to lead to involuntary supply interruptions that would cost consumers $3.2 
million. 

It is emphasised however, that the probability of a major outage of one of the five 
transformers is very low, at about 1.0% per transformer per annum, whilst the expected 
unavailability per transformer per annum is 0.217%.  When the energy at risk (53 MWh) is 
weighted by this low transformer unavailability, the expected unserved energy is estimated to 
                                                 
1  The value of unserved energy is derived from the sector values given in Table 1 in Section 2.3, weighted 

in accordance with the composition of the load at this terminal station. 
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be around 0.6 MWh.  Combining this with the energy (15 MWh) that would not be supplied 
due to capacity constraints under system normal conditions, the total energy not supplied is 
estimated to have a value to consumers of around $949,000. 

It should also be noted that the above estimates are based on an assumption of average 
(50th percentile) summer temperatures occurring in each year.  Under 10th percentile summer 
temperature conditions, the customer demand increases significantly due to air conditioning 
loads.  At the 10th percentile demand forecast, the energy not supplied in the summer of 
2020/21 for N and (N-1) conditions is estimated to be 1,198 MWh and 437 MWh respectively.  
The estimated value to consumers of this energy in the summer of 2020/21 for N and (N-1) 
conditions is approximately $72.6 million and $26.5 million respectively.  The total 
corresponding value of the energy that would not be supplied is approximately $72.8 million. 

These key statistics for the summer of 2020/21 under N and (N-1) outage conditions are 
summarised in the table below. 

 MWh Valued at 
consumer 

interruption cost

Energy not supplied at 50th percentile demand 
forecast under N condition  15 $914,000 

Energy at risk, at 50th percentile demand forecast 
under N-1 outage condition  53 $3.2 million 

Expected unserved energy at 50th percentile demand 
N-1 outage condition 0.6 $35,000 

Energy not supplied at 10th percentile demand 
forecast under N condition2  1198 $72.6 million 

Energy at risk, at 10th percentile demand forecast N-
1 outage condition 437 $26.5 million 

Expected unserved energy at 10th percentile demand 
N-1 outage condition 4.7 $287,000 

 

Possible Impact on Customers 

System Normal Condition (All 5 transformers in service) 

With the establishment of the new 220/66 kV connection assets at SMTS in 2008/09 and the 
re-arrangement of 66 kV lines (including the Somerton Power Station connection to SMTS) 
and load transfers to SMTS fully commissioned in October 2009, there is sufficient capacity 
to meet all demand under system normal condition until summer 2018/19 for a 50th percentile 
demand forecast.  

As noted above, unless load is transferred from transformer group TTS (B12) to group TTS 
(B34), it is estimated that there would be insufficient capacity at the station to supply 1,198 
MWh of load in 2020/21 at the 10th percentile demand forecast with all plant in service. 

                                                 
2 This risk is before any re-balancing of load between the two bus groups is implemented. 
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However, as described below, Jemena Electricity Networks and SPI Electricity will address 
this exposure by transferring load from the TTS (B12) group to TTS (B34) group, to ensure 
that loading on the two transformer groups is kept to within plant ratings.  

N-1 System Condition 

If one of the TTS 220/66 kV transformers is taken off line during peak loading times, causing 
the TTS (B34) rating to be exceeded, the OSSCA3 load shedding scheme which is operated 
by SPI PowerNet’s TOC4 will act swiftly to reduce the loads in blocks to within transformer 
capabilities.  Any load reductions that are in excess of the minimum amount required to limit 
load to the rated capability of the station would be restored after the operation of the OSSCA 
scheme, at zone substation feeder level in accordance with Jemena Electricity Network’s and 
SPI Electricity’s operational procedures. 

With the establishment of the new 220/66 kV connection assets at SMTS in 2008/09 and the 
re-arrangement of 66 kV lines (including the Somerton Power Station connection to SMTS) 
and load transfers to SMTS fully commissioned in October 2009, there is no load at risk 
under an outage of one transformer at TTS until around 2018 for the 50th percentile demand 
forecast. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or alleviate the emerging constraint towards the end of the ten year 
planning horizon: 

1. Balance the load between the two bus groups at TTS so that the load in each bus group 
is kept below its respective N rating and implement a contingency plan to transfer load to 
adjacent terminal stations.  Jemena Electricity Networks and SPI Electricity have 
established and implemented the necessary plans that enable load transfers under 
contingency conditions. 

2. Establish a new 500/220/66 kV terminal station.  Two terminal station sites, one in 
Donnybrook and another in Somerton, have been reserved for possible future electrical 
infrastructure development to meet customers’ needs in the area. 

3. Embedded generation.  An alternative option to the network solution could be the 
establishment of an embedded generator, suitably located in the area that is presently 
supplied by TTS. 

4. Demand Management.  Another alternative option could be the introduction of demand 
management to reduce the magnitude of the summer peak demands under network 
emergencies.  This might involve the introduction of interruptible load, negotiated with 
customers at reduced prices, with an agreement that the load can be interrupted during 
times of network constraint. 

 

                                                 
3  Overload Shedding Scheme of Connection Asset.  OSSCA is designed to protect against transformer 

damage caused by overloads.  Damaged transformers can take months to replace which can result in 
prolonged, long term risks to reliability of customer supply. 

4  Transmission Operations Centre. 
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Preferred network option(s) for alleviation of constraints 

1. By around summer 2017/18, the exposure to energy at risk will be managed through the 
following measures within the TTS(B12) and TTS(B34) groups:  

• balance the load between the two bus groups at TTS so that the load on each bus 
group is kept below its respective N rating; 

• maintain contingency plans to transfer load quickly to adjacent terminal stations; 

• fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the 
impact on customers of any automatic load shedding that may take place; and  

• Subject to the availability of the SPI PowerNet spare 220/66 kV transformer for 
urban areas (refer to section 4.5), this spare transformer can be used to 
temporarily replace the failed transformer. 

2. In the absence of any commitment by interested parties to offer network support services 
by installing local generation or through demand side management initiatives that would 
reduce load at TTS, it is proposed to install a new 500/220/66 kV terminal station at either 
Donnybrook or Somerton.  However, based on the present forecasts a new 
500/220/66 kV terminal station is not likely to be economically justified within the ten year 
planning horizon.  The capital cost of establishing a new 500/220/66 kV terminal station 
and associated 66 kV lines re-arrangement is estimated to be around $60 million. 

The tables on the following pages provide more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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THOMASTOWN TERMINAL STATION UNDER N-1 OUTAGE CONDITIONS (B12 TRANSFORMER GROUP) 
Detailed data: Magnitude and probability of loss of load 
 
Distribution Businesses supplied by this station:                             Jemena Electricity Network (43%), SPI Electricity (57%) 
Normal cyclic rating with all plant in service                                     288 MW, 325 MVA (Summer peaking) 
Summer N-1 Station Rating:                                                            288 MW, 325 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating:                                                               356 MVA 

 
Station: TTS12 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
50th percentile Summer Maximum Demand (MVA) 286 293 299 305 311 317 323 329 336 342 
Summer % Overload [See Note 2 below] 0% 0% 0% 0% 0% 0% 0% 1% 3% 5% 
50th percentile Winter Maximum Demand (MVA) 209 218 228 237 248 258 270 282 294 307 
Winter % Overload [See Note 2 below] 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Annual energy at risk (MWh)  [See Note 3 below] 0 0 0 0 0 0 0 2 7 15 
Annual hours at risk  [See Note 4 below] 0 0 0 0 0 0 0 1 1 6 
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 0 0 0 0 0 0 0 2 7 15 
Expected Annual Unserved Energy value [See 
Note 6 below] $ - k $ - k $ - k $ - k $ - k $ - k $ - k $97 k $429 k $914 k 

Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. "Annual energy at risk" is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.  
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an 

outage with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 
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THOMASTOWN TERMINAL STATION UNDER N-1 OUTAGE CONDITIONS (B34 TRANSFORMER GROUP) 
Detailed data: Magnitude and probability of loss of load 
 
Distribution Businesses supplied by this station:                         Jemena Electricity Network (100%), SPI Electricity (0%) 
Normal cyclic rating with all plant in service:                                500 MVA (Summer peaking) 
Summer N-1 Station Rating:                                                        314 MW, 340 MVA [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating:                                                           397 MVA 

 
Station: TTS34 66kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
50th percentile Summer Maximum Demand (MVA) 295 300 308 319 329 336 342 348 355 362 
Summer % Overload [See Note 2 below] 0% 0% 0% 0% 0% 0% 1% 2% 4% 6% 
50th percentile Winter Maximum Demand (MVA) 234 238 244 252 260 264 268 273 277 281 
Winter % Overload [See Note 2 below] 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Annual energy at risk (MWh)  [See Note 3 below] 0 0 0 0 0 0 2 9 20 53 
Annual hours at risk  [See Note 4 below] 0 0 0 0 0 0 2 2 3 5 
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.6 
Expected Annual Unserved Energy value [See 
Note 6 below] $ - k $ - k $ - k $ - k $ - k $ - k $1 k $6 k $13 k $35 k 

Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. "Annual energy at risk" is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.  
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an 

outage with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 
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WEMEN TERMINAL STATION (WETS) 

Wemen Terminal Station (WETS) is a new station which is being commissioned in October 
2011.  WETS will consist of one 70 MVA 235/66 kV transformer supplying part of the 66 kV 
network previously supplied by RCTS.  This configuration will be the main source of supply 
for approximately 3,900 customers in the Wemen and Ouyen areas.  The station supply area 
will include Wemen and Boundary Bend along the Murray River and the Ouyen region. 

Magnitude, probability and impact of loss of load 

WETS demand will be summer peaking.  

The graph below depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational “N” rating (all transformers in service) and the “N-1” 
rating at 35°C ambient temperature.  As WETS will initially have one transformer the “N-1” 
rating is zero. 

The initial WETS load will include a transfer of load from Red Cliffs Terminal Station (RCTS). 

WETS Summer Peak Forecast
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The bar chart below depicts the energy at risk with the single transformer out of service, 
after implementation of the contingency plan to transfer load away to RCTS, for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast 
is expected to exceed the N-1 capability rating.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   
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Annual Energy and Hours at Risk at WETS (after load transfers away)
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Comments on Energy at Risk  

For a major outage of the single transformer at WETS a contingency plan will be 
implemented to transfer load from WETS to RCTS.  After taking this load transfer into 
account, there will be insufficient capacity at the station to supply all remaining demand at 
the 50th percentile temperature for about 422 hours in 2021.  The energy at risk at the 50th 
percentile temperature under N-1 conditions, after load transfers, is estimated to be 4,037 
MWh in 2021.  The estimated value to consumers of the 4,037 MWh of energy at risk is 
approximately $360 million (based on a value of customer reliability of $89,298/MWh)1.  In 
other words, at the 50th percentile demand level, after transferring load away but in the 
absence of any other operational response that might be taken to mitigate the impact of a 
forced outage, a major outage of the transformer at WETS in 2021 would be anticipated to 
lead to involuntary supply interruptions that would cost consumers $360 million. 

It is emphasised however, that the probability of a major outage of the transformer occurring 
over the year is very low at 1% per annum, whilst the expected annual unavailability of the 
transformer is 0.217%.  When the energy at risk (4,037 MWh for 2021) is weighted by this 
low unavailability, the expected unsupplied energy is estimated to be 8.7 MWh.  This 
expected unserved energy is estimated to have a value to consumers of around $781,000 
(based on a value of customer reliability of $89,298/MWh). 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) summer temperatures 
occurring in each year2.  Under 10th percentile summer temperature conditions, the energy 
at risk in 2021 is estimated to be 5,247 MWh.  The estimated value to consumers of this 
energy at risk in 2021 is approximately $468 million.  The corresponding value of the 
expected unserved energy is $1,015,000. 

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, 

weighted in accordance with the composition of the load at this terminal station. 
2  As noted in Section 4.1, the 50th percentile demand forecast is used in each year. 
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These key statistics for the year 2021 under N-1 outage conditions after load transfers away 
are summarised in the table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 4,037 $360 million 

Expected unserved energy at 50th percentile demand 8.7 $781,000 

Energy at risk, at 10th percentile demand forecast 5,247 $468 million 

Expected unserved energy at 10th percentile demand 11.4 $1,015,000 

 

Feasible options for alleviation of constraints  

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

• Installation of an additional 70 MVA 235/66 kV transformer at WETS.   

• Demand reduction: There is an opportunity for voluntary demand reduction to 
reduce loading at the station during times of network constraint. 

• Embedded generation, connected to the WETS 66 kV bus, may defer the need for 
capacity augmentation at WETS. 

Preferred option(s) for alleviation of constraints 

A contingency plan to transfer load to RCTS using the 66 kV network between WETS and 
RCTS will be implemented when WETS is initially commissioned as a single transformer 
station. 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at WETS, it is proposed to install an additional 70 MVA 235/66 kV transformer at 
WETS.  On the basis of the 50th percentile demand forecast scenario, it is expected that the 
additional capacity will not be economic before 2021.  

The capital cost of installing an additional transformer at WETS is estimated to be 
$12 million.  The cost of establishing, operating and maintaining an additional transformer 
would be recovered from network users through network charges, over the life of the asset. 
The estimated total annual cost of this network augmentation is $1.2 million.  This cost 
provides a broad upper bound indication of the maximum contribution from distributors which 
may be available to embedded generators or customers to reduce forecast demand and 
defer or avoid the transmission connection component of this augmentation.  Sections 1.4 
and 1.5 of this report provide further background information to proponents of non-network 
solutions to emerging constraints. 

Subject to the availability of the SPI PowerNet spare 220/66 kV transformer for rural areas 
(refer to Section 4.5), this spare transformer can be used to temporarily replace a failed 
transformer to minimise the transformer outage period. 
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The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy.  The energy at risk, hours at risk 
and expected unserved energy are after implementation of the contingency plan to transfer 
load to RCTS. 
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Wemen Terminal Station          
Detailed data:  Magnitude and probability of loss of load         
 
Distribution Businesses supplied by this station: Powercor (100%)      

  MW MVA       
Normal cyclic rating with all plant in service   77 via 1 transformer      
Summer N-1 Station Rating:  0 0 [See Note 1 below for interpretation of N-1]    
Winter N-1 Station Rating:  0 0       
           
Station:  WETS 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

50th percentile Summer Maximum Demand (MVA) 47.3 50.5 52.9 54.6 55.9 57.0 57.8 58.6 59.4 68.4 

Summer % Overload [See Note 2 below] > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100 

50th percentile Winter Maximum Demand (MVA) 21.3 22.7 23.6 24.3 24.9 25.4 25.7 26.1 26.4 29.9 

Winter % Overload [See Note 2 below] > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100 > 100 

Annual energy at risk (MWh)  [See Note 3 below] 264.3 621.7 1025.9 1421.8 1804.6 2198.8 2578.6 3007.7 3492.6 4036.7 

Annual hours at risk  [See Note 4 below] 59.0 104.8 154.8 194.3 230.0 267.0 299.0 336.0 376.8 422.0 
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 0.6 1.3 2.2 3.1 3.9 4.8 5.6 6.5 7.6 8.7 

Expected Annual Unserved Energy value [See Note 
6 below] $51,129 $120,279 $198,499 $275,093 $349,162 $425,426 $498,900 $581,936 $675,752 $781,018 

Notes:           
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade.  
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating. As the N-1 capacity rating at WETS is 0 an overload exists at 

all times under normal conditions and the value of this parameter is not meaningful.       
3. “Annual energy at risk” at WETS is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating after load transfers 

away.    
4. “Annual hours per year at risk” at WETS is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating after load 

transfers away. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4.    
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 
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WEST MELBOURNE TERMINAL STATION 22 kV (WMTS 22 kV) 

WMTS 22 kV is a summer critical station consisting of two 165 MVA 220/22 kV transformers, 
which supply CitiPower’s distribution network.  The terminal station provides major 22 kV supply 
to the West Melbourne area including Melbourne Docks, Docklands Areas, North Melbourne 
(including a railway substation), Parkville and Carlton, and the northern and western inner 
Central Business District and surrounding areas. 

In 2012, a new 66/11 kV zone substation (BQ) will be commissioned and will offload 
WMTS 22 kV.  BQ will be supplied from WMTS 66 kV until BTS has been established. 

Magnitude, probability and impact of loss of load 

The graph below depicts the station’s operational N rating for all transformers in service and the 
N-1 rating (at 35 and 40 degrees ambient temperature), and the latest 10th and 50th percentile 
maximum demand forecasts for the next ten years.  The N-1 ratings are restricted by over-
voltage limits on transformer tapping.  The forecast demands include the effects of any future 
load transfer works that have been committed (with the drop in forecast demand in 2012 due to 
the committed WMTS 22 kV to 66 kV load transfer in 2011/12 summer). 

WMTS 22kV Summer Peak Forecasts
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The graph shows that if no forced outages of transformers occurred at WMTS 22 kV over the 
forecast period for 50th percentile demand then there would be no interruption of supply to 
customers.  For 10th percentile demand there would be insufficient capacity to supply the 
forecast load beyond 2021. 

The bar chart below depicts the energy at risk with one transformer out of service for the 50th 
percentile demand forecast, and the hours per year that the 50th percentile demand forecast is 
expected to exceed the N-1 capability rating.  The line graph shows the value to consumers of 
the expected unserved energy in each year, for the 50th percentile demand forecast. 
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Annual Energy and Hour at Risk and
 Expected Customer Value at WMTS 22kV
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Comments on Energy at Risk 

For an outage of one transformer at WMTS 22 kV during the summer period, it is expected that 
from 2017 onwards, there would be insufficient capacity at the station to supply all demand at 
the 50th percentile temperature. 

By 2018, the energy at risk at the 50th percentile temperature under N-1 conditions is estimated 
to be 96.3 MWh.  Under these conditions, there would be insufficient capacity to meet demand 
for 30 hours in that year.  The estimated value to consumers of this energy at risk in 2018 is 
approximately $10.1 million (based on a value of customer reliability of $105,080 per MWh).1  In 
other words, at the 50th percentile demand level, and in the absence of any other operational 
response that might be taken to mitigate the impact of a forced outage, a major outage of one 
transformer at WMTS 22 kV over the summer of 2018 would be anticipated to lead to 
involuntary supply interruptions that would cost consumers $10.1 million.   

It is emphasised however, that the probability of a major outage of one of the two transformers 
at WMTS 22 kV occurring over the year is very low, at about 1.0% per transformer per annum, 
while the expected unavailability per transformer per annum is 0.217%.  When the energy at risk 
(96.3 MWh in 2018) is weighted by this low unavailability, the expected unserved energy is 
estimated to be around 0.4 MWh.  This expected unserved energy is estimated to have a value 
to consumers of approximately $44,000. 

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) summer temperatures 
occurring in each year.  Under 10th percentile summer temperature conditions, the energy at risk 
in 2018 is estimated to be 662.7 MWh.  The estimated value to consumers of this energy at risk 

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in 

accordance with the composition of the load at this terminal station. 
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in 2018 is approximately $69.6 million.  The corresponding value of the expected unserved 
energy is approximately $302,200 in 2018.  

These key statistics for the year 2018 under N-1 outage conditions are summarised in the table 
below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 96.3 $10.1 million 

Expected unserved energy at 50th percentile demand 0.4 $44,000 

Energy at risk, at 10th percentile demand forecast 662.7 $69.6 million 

Expected unserved energy at 10th percentile demand 2.9 $302,200 

 

If one of the two transformers at WMTS 22 kV is taken off line during peak loading times and the 
N-1 station rating is exceeded, the OSSCA2 load shedding scheme which is operated by SPI 
PowerNet’s TOC3 will act swiftly to reduce the loads in blocks to within safe loading limits.  Any 
load reductions that are in excess of the minimum amount required to limit load to the rated 
capability of the station would be restored after the operation of the OSSCA scheme, at zone 
substation feeder level in accordance with CitiPower’s operational procedures. 

Feasible options for alleviation of constraints 

The following options are technically feasible and potentially economic to mitigate the risk of 
supply interruption and/or to alleviate the emerging constraint: 

1. Permanent distribution feeder transfers to the new BQ zone substation. 

2. Upgrade a 22 kV critical zone substation in the Urban District to 66 kV for permanent supply 
from West Melbourne Terminal Station (WMTS 66 kV) from 2018.  This will allow the 
transfer of a significant amount of load from WMTS 22 kV to WMTS 66 kV. 

3. Demand reduction in response to schemes aimed at encouraging voluntary demand 
reduction during times of network constraint may enable the deferral of the need for 
augmentation.  The amount of demand reduction would be taken into consideration when 
determining the optimum timing for the capacity augmentation.   

4. Embedded generation in the order of 15 MVA will help to defer the need for augmentation.  

                                                           
2  Overload Shedding Scheme of Connection Asset. 
3  Transmission Operations Centre. 
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Preferred network option(s) for alleviation of constraints 

In the absence of any commitment by interested parties to offer network support services by 
installing local generation or through demand side management initiatives that would reduce 
load at WMTS 22 kV, or any other better identified network solutions, it is proposed to 
implement the following option: 

• Permanent distribution feeder transfers to new BQ zone substation by 2017 at an 
estimated cost of $500,000. 

The table on the following page provides more detailed data on the station rating, demand 
forecasts, energy at risk and expected unserved energy. 
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WEST MELBOURNE TERMINAL STATION 22 kV  
Detailed data:  Magnitude and probability of loss of load 

Distribution Businesses supplied by this station: CitiPower (100%) 
Station operational rating (N elements in service): 172 MVA via 2 transformers (Summer peaking) 
Summer N-1 Station Rating: 107.0 MW (129.0 MVA) [See Note 1 below for interpretation of N-1] 
Winter N-1 Station Rating: 123.7 MW (144.0 MVA) 
 

Station: WMTS 22 kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
50th percentile Summer Maximum Demand 
(MVA) 105.5 111.4 116.9 122.5 128.1 133.8 139.6 145.6 151.5 157.6 

Summer % Overload [See Note 2 below] Nil Nil Nil Nil Nil 3.8% 8.2% 12.8% 17.4% 22.1% 
50th percentile Winter Maximum Demand 
(MVA) 89.7 94.6 99.4 104.2 109.1 114.1 119.1 124.2 129.4 134.7 

Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 
Annual Energy at Risk (MWh)  [See Note 3 
below] 0 0 0 0 0.0 11.8 96.3 314.0 693.1 1,308.9 

Annual Hours at Risk  [See Note 4 below] 0.0 0.0 0.0 0.0 0.0 7.8 30.0 63.0 106.5 166.3 

Expected Annual Unserved Energy (MWh)  
[See Note 5 below] 0.0 0.0 0.0 0.0 0.0 0.1 0.4 1.4 3.0 5.7 

Expected Annual Unserved Energy value [See 
Note 6 below] $0k $0k $0k $0k $0k $5k $44k $143k $316k $597k 

 
Notes: 

1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the 50th percentile forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating.   
4.  “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Annual energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage 

with a duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.4. 
6. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, weighted in accordance with the composition of the load at this terminal station. 
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WODONGA TERMINAL STATION (WOTS 66 kV and 22 kV) 

Wodonga Terminal Station is the main source of supply for a significant part of north 
eastern Victoria.  The supply is via two 330/66/22 kV three-winding transformers with a 
nominal rating of 75 MVA each.  This terminal station supplies Wodonga centrally as well 
as the area from Rutherglen in the west to Corryong in the east.  The Hume Power 
Station (HPS) is connected to the WOTS 66 kV bus and can supply up to 50 MVA into 
WOTS 66 kV bus, offsetting the load on the transformers.  SPI Electricity (SPIE) is 
responsible for the transmission connection and distribution network planning for this 
large region.    

Magnitude, probability and impact of loss of load 

The risk of supply interruption at Wodonga Terminal Station (WOTS), for a single 
contingency event was assessed in previous Transmission Connection Planning Reports 
as being unacceptable for summer 2012/13.  Accordingly, proposals were invited from the 
proponents of non-network solutions as alternatives to network augmentations.  Until 
early this year (2011), SPIE was in the process of negotiating with a proponent who was 
able to provide non-network support allowing SPIE to defer the network augmentation.  
However, after reviewing the latest demand forcasts, it was determined that the lower 
values of energy at risk provide little economic incentive for non-network solutions, or to 
increase capacity at the station in the immediate term.  

WOTS is a summer peaking station and growth in summer peak demand at WOTS 66 kV 
and 22 kV together has averaged around 1.2 MW (1.2%) per annum in recent years.  The 
growth is forecast to continue at this level for the next few years.  To accurately assess 
the transformer loading, the 66 kV and 22 kV loads need to be considered together 
because of the physical arrangement of the transformer windings.  The recorded peak 
demand in summer 2011 was 97.1 MVA, which was approximately 1.5 MVA lower than 
the 2010 peak of 98.6 MVA.  This was due to relatively mild conditions over the summer 
of 2010/11. 

WOTS 66 kV and 22 kV combined Summer Peak Forecasts
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The graph above depicts the 10th and 50th percentile summer maximum demand forecast 
together with the station’s operational “N” rating (all transformers in service) and the “N-1” 
rating at an ambient temperature of 35°C.  The combined 66 kV and 22 kV load at WOTS 
is not expected to reach the “N” summer station rating prior to 2021, but it presently 
exceeds the “N-1” rating at the 50th percentile summer demand level, and is forecast to 
continue to do so. 

The combined 66 kV and 22 kV winter maximum demand at WOTS is less than the 
summer maximum demand, while the winter rating is higher than the summer rating.  
With the current winter load forecasts, demand at WOTS 66 kV and 22 kV is not expected 
to exceed the “N -1” winter station rating prior to 2021.  

The bar chart below depicts the energy at risk with one transformer out of service for the 
50th percentile demand forecast, and the hours per year that the 50th percentile demand 
forecast is expected to exceed the “N-1” capability.  The line graph shows the value to 
consumers of the expected unserved energy in each year, for the 50th percentile demand 
forecast.   

Annual Energy and Hours at Risk at WOTS (Single Contingency Only)
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Comments on Energy at Risk - Assuming HPS generation is not available  

As already noted, WOTS is a summer peaking station and all of the energy at risk occurs 
in the summer period.  Therefore, the comments below focus on the energy at risk over 
the summer period.  The analysis below is based on the assumption that there is no 
generation available from HPS to offset the 330/66/22 kV transformer loading.   

For a major outage of any one of the two 330/66/22 kV transformers over the entire 
summer period, there will be insufficient capacity at the station to supply all demand at 
the 50th percentile temperature for about 369 hours in summer 2020/21.  The energy at 
risk under N-1 conditions is estimated to be 3,176 MWh in summer 2020/21.  The 
estimated value to consumers of the 3,176 MWh of energy at risk is approximately $201 
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million (based on a value of customer reliability of $63,314/MWh).1  In other words, at the 
50th percentile demand level, and in the absence of any other operational response that 
might be taken to mitigate the impact of a major outage of any one of the two 
330/66/22 kV transformers at WOTS over the summer of 2020/21, it would be anticipated 
to lead to involuntary supply interruptions that would cost consumers $201 million.   

It is emphasised however, that the probability of a major outage of one of the two 
transformers occurring over the year is very low, at about 1.0% per transformer per 
annum, whilst the expected unavailability per transformer per annum is 0.217%.  When 
the energy at risk (3,176 MWh for summer 2021/22) is weighted by this low unavailability, 
the expected unsupplied energy is estimated to be around 13.8 MWh.  This expected 
unserved energy is estimated to have a value to consumers of around $872,700 (based 
on a value of customer reliability of $63,314/MWh).    

It should also be noted that the above estimates of energy at risk and expected unserved 
energy are based on an assumption of average (50th percentile) summer temperatures 
occurring in each year.  Under 10th percentile summer temperature conditions, the energy 
at risk in 2020/21 is estimated to be 19,832 MWh.  The estimated value to consumers of 
this energy at risk in 2020/21 is approximately $1256 million.  The corresponding value of 
the expected unserved energy is approximately $5.5 million. 

These key statistics for the year 2021 under N-1 outage conditions are summarised in the 
table below. 

 MWh Valued at consumer 
interruption cost 

Energy at risk, at 50th percentile demand forecast 3,176 $201 million 

Expected unserved energy at 50th percentile demand 13.8 $872,700 

Energy at risk, at 10th percentile demand forecast 19,832 $1256 million 

Expected unserved energy at 10th percentile demand 86 $5.5 million 

 

If one of the 330/66/22 kV transformers at WOTS is taken off line during peak loading 
times and the “N-1” station rating is exceeded, then the Overload Shedding Scheme for 
Connection Assets (OSSCA) which is enabled by SPI PowerNet’s TOC2 to protect the 
connection assets from overloading3, will act swiftly to reduce the loads in blocks to within 
safe loading limits. If OSSCA operation does occur, any load reductions that are in 
excess of the amount required to limit load to the rated capability of the station would be 
restored at zone substation feeder level in accordance with SPI Electricity’s operational 
procedures after the operation of the OSSCA scheme. 

                                                           
1  The value of unserved energy is derived from the sector values given in Table 1 of Section 2.3, 

weighted in accordance with the composition of the load at this terminal station. 
2    Transmission Operation Centre. 
3   OSSCA is designed to protect transformers against damage caused by overloads.  Damaged 

transformers can take months to replace which can result in prolonged, long term risks to reliability 
of customer supply.  
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If OSSCA operates at WOTS, it would automatically shed about 60 MVA of load, affecting 
approximately 13,000 customers.  

Comments on Energy at Risk - Assuming HPS generation is available  

The previous comments on energy at risk are based on the assumption that there is no 
embedded generation available to offset the 330/66/22 kV transformer loading.   

However, the generation from Hume Power Station (HPS) can be fed into the WOTS 
66 kV bus and is capable of generating up to 50 MVA.  This generation can also be 
connected to the TransGrid 132 kV Network in New South Wales.  The generation from 
HPS is dependent on water releases from Hume Dam for irrigation and the water level in 
the dam and can vary widely from year to year.  There is therefore presently no 
guarantee that generation from HPS will be available to offset transformer loading at 
WOTS.   

Feasible options for alleviation of constraints 

The following are potentially feasible options for addressing constraints at this station:   

1.   Addition of Power Factor Correction Capacitors  

The station is currently running with a power factor of around 0.97 at summer peak.  At 
this power factor the use of additional capacitors to reduce the MVA loading would bring 
marginal benefits.    

2.   Install a 3rd 330/66/22 kV transformer at WOTS  

Installation of a third transformer at WOTS is a relatively simple, technically feasible 
option for augmenting the station.  The site can accommodate an additional 330/66/22 kV 
transformer.    

3.   Demand reduction 

60% of the peak load is from Commercial and Industrial customers and we will be looking 
into demand management through either special tariff incentives, or a demand 
management aggregator to asses these alternatives to network augmentation. 

4.   Embedded generation 

As discussed above, subject to available water HPS can provide up to 50 MVA of network 
support to WOTS.  SPI Electricity welcomes proposals from embedded generation 
proponents to establish a network support agreement to provide in the order of 20-30 
MVA to the WOTS 66 kV bus to reduce energy at risk and defer the need for 
augmentation.  

Preferred network option(s) for alleviation of constraints 

1. In the event there are no firm commitments by interested parties to offer network 
support services through local generation or through demand side management 
initiatives that would reduce future load at risk at WOTS 66 kV, then it will be 
proposed to install a new 220/66 kV transformer at WOTS 66 kV.  On the basis of 
present forecasts, this is not expected to be required until 2021.   
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The capital cost of installing a new 220/66 kV transformer at WOTS 66 kV is 
estimated to be $13 million in 2011 dollars.  The cost of establishing, operating and 
maintaining the transformer would be recovered from network users through network 
charges, over the life of the asset. In today’s terms, the estimated total annual cost of 
this network augmentation is approximately $1.3 million.  This cost provides a broad 
upper bound indication of the maximum network support payment which may be 
available to embedded generators or customers to reduce forecast demand and defer 
or avoid this transmission connection augmentation which may be required beyond 
2021.  Any non-network solution that defers this augmentation for say 1-2 years, will 
not have as much potential value (and contribution available from distributors) as a 
solution that eliminates or defers the augmentation for say 10 years.  Sections 1.4 
and 1.5 of this report provide further background information to proponents of non-
network solutions to emerging network constraints. 

2. Before any network augmentation is planned, it is proposed to approach HPS and 
negotiate a network support agreement.  Prior to any agreement with HPS being in 
place, the following temporary measures will be implemented to cater for an 
unplanned outage of any one of the 330/66/22 kV transformers at WOTS under 
critical loading conditions: 

• Fine-tune the OSSCA scheme settings in conjunction with TOC to minimise the 
impact on customers of any load shedding that may take place to protect the 
connection assets from overloading;  

• Monitor the load growth to ensure the load at risk is within the forecasts; and 

• Engage in open discussions with commercial and industrial customers, demand 
management aggregators and embedded generator suppliers to ascertain the 
viability of these options in an efficient and timely manner. 
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The table below provides more detailed data on the station rating, demand forecasts, energy at risk and expected unserved energy assuming 
network support is not available. 

WODONGA TERMINAL STATION  66kV and 22kV Loading  (WOTS)
Detailed data:  Magnitude and probability of loss of load

Distribution Businesses supplied by this station: SPI Electricity  (100%)
Normal cyclic rating with all plant in service 162 MVA via 2 transformers (Summer peaking)
Summer N-1 Station Rating (MVA): 81
Winter N-1 Station Rating (MVA): 87

Station: WOTS 66kV & 22kV 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
50th percentile Summer Maximum Demand (MVA) 96.8 98.0 99.1 100.3 101.5 102.7 103.9 105.1 106.3 107.6
Summer % Overload [See Note 2 below] 19.5% 21.0% 22.4% 23.8% 25.3% 26.8% 28.2% 29.8% 31.3% 32.8%
50th percentile Winter Maximum Demand (MVA) 70.9 71.8 72.7 73.5 74.4 75.3 76.2 77.2 78.1 79.1
Winter % Overload [See Note 2 below] Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil
Annual energy at risk (MWh)  [See Note 3 below] 805.4 967.7 1153.3 1362.4 1595.2 1854.8 2142.5 2458.7 2803.3 3176.3
Annual hours at risk  [See Note 4 below] 149.4 171.8 194.1 216.0 238.8 265.4 291.7 317.7 343.4 368.8
Expected Annual Unserved Energy (MWh)  [See 
Note 5 below] 3.49 4.19 5.00 5.90 6.91 8.04 9.28 10.65 12.15 13.76

Expected Annual Unserved Energy value [See Note 6 
below] $220,974 $265,488 $316,416 $373,788 $437,659 $508,875 $587,810 $674,556 $769,098 $871,448

 

Notes: 
1. “N-1” means cyclic station output capability rating with outage of one transformer. The rating is at an ambient temperature of 35 degrees Centigrade. 
2. This is the percentage by which the forecast maximum demand exceeds the N-1 capability rating.  
3. “Annual energy at risk” is the amount of energy in a year during which the 50th percentile forecast exceeds the N-1 capability rating.    
4. “Annual hours per year at risk” is the number of hours in a year during which the 50th percentile demand forecast exceeds the N-1 capability rating. 
5. “Expected annual unserved energy” means “Energy at risk” multiplied by the probability of a major outage affecting one transformer.  “Major outage” means an outage with 

duration of 2.6 months.  The outage probability is derived from the base reliability data given in Section 4.3. 
6. The value of unserved energy is derived from the sector values given in Table 1 of section 2.3, weighted in accordance with the composition of the load at this terminal 

station. 

Page 6 of 6 
 


	EXECUTIVE SUMMARY
	1 INTRODUCTION AND BACKGROUND
	1.1 Purpose of this report 
	1.2 Victorian arrangements for transmission connection planning
	1.3 DBs’ obligations as transmission connection planners
	1.3.1 Victorian regulatory instruments
	1.3.2 National Electricity Rules 
	1.3.3 Reliability incentive scheme (s-factor) for the Distribution Businesses 
	1.3.4 SPI PowerNet’s role in delivering connection services 

	1.4 Matters to be addressed by proponents of “non-network” alternatives
	1.5 Implementing Transmission Connection Projects 
	1.5.1 Land Acquisition
	1.5.2 Connection Application to AEMO 
	1.5.3 Connection Application to SPI PowerNet 
	1.5.4 Contestable procurement of transmission connection works
	1.5.5 Town Planning Permit
	1.5.6 Public Consultation Strategy
	1.5.7 Project Implementation
	1.5.8 Project lead times 

	1.6 Overview of Transmission Connection Planning Process

	2 PLANNING STANDARDS
	2.1 Overall objective of transmission connection planning 
	2.2 Overall approach to transmission planning and investment evaluation
	2.3 Valuing supply reliability from the customers’ perspective
	2.4 Application of the probabilistic approach to transmission connection planning
	2.5 The connection augmentation criterion

	3 HISTORIC AND FORECAST DEMAND
	4 RISK ASSESSMENT ANDOPTIONS FOR ALLEVIATION OF CONSTRAINTS
	4.1 Preamble
	4.2 Interpreting “energy at risk”
	4.3 Assessing the costs of transformer outages
	4.4 Base reliability statistics for transmission plant
	4.5 Availability of spare transformers 
	4.6 Treatment of Load Transfer Capability
	4.7 Detailed risk assessments and options for alleviation of constraints, by terminal station 
	4.8 Interpreting the dates shown in the risk assessments

	APPENDIX:  ESTIMATION OF BASIC TRANSFORMER RELIABILITY DATA AND SAMPLE OF EXPECTED TRANSFORMER UNAVAILABILITY CALCULATION
	ATS-BLTS_2011.pdf
	ALTONA/BROOKLYN TERMINAL STATION (ATS/BLTS) 66kV

	BATS_2011.pdf
	BALLARAT TERMINAL STATION (BATS) 66kV

	BETS_2011.pdf
	BENDIGO TERMINAL STATION (BETS) 66 kV & 22 kV

	BLTS22_2011.pdf
	BROOKLYN TERMINAL STATION (BLTS) 22 kV

	BTS 22_2011.pdf
	BRUNSWICK TERMINAL STATION 22 kV (BTS 22 kV)

	CBTS 2011.pdf
	CRANBOURNE TERMINAL STATION (CBTS)

	DPTS_2011.pdf
	DEER PARK TERMINAL STATION (DPTS) 66 kV

	ERTS 2011.pdf
	EAST ROWVILLE TERMINAL STATION (ERTS)

	FBTS_66_2011.pdf
	FISHERMAN’S BEND TERMINAL STATION 66 kV (FBTS 66 kV)

	FTS 2011.pdf
	FRANKSTON TERMINAL STATION (FTS)

	GNTS_2011.pdf
	GLENROWAN TERMINAL STATION 66 kV (GNTS 66 kV)

	GTS_2011.pdf
	GEELONG TERMINAL STATION (GTS) 66kV

	HOTS_2011.pdf
	HORSHAM TERMINAL STATION (HOTS) 66kV

	HTS 2011.pdf
	HEATHERTON TERMINAL STATION (HTS)

	HYTS_2011.pdf
	HEYWOOD TERMINAL STATION (HYTS) 22kV

	KGTS_2011.pdf
	KERANG TERMINAL STATION (KGTS) 66kV & 22kV

	KTS66_2011.pdf
	KEILOR TERMINAL STATION 66 kV (KTS 66 kV)
	Station: KTS(B125) 66kV
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	Station: KTS34 66kV
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021

	MBTS_2011.pdf
	MT BEAUTY TERMINAL STATION 66 kV (MBTS 66 kV)

	MTS 22 kV 2011.pdf
	MALVERN 22 kV TERMINAL STATION (MTS 22 kV)

	MTS 66 kV 2011.pdf
	MALVERN 66 kV TERMINAL STATION (MTS 66 kV)

	MWTS_2011.pdf
	MORWELL TERMINAL STATION (MWTS) 66 kV (MWTS 66 kV)

	RCTS22_2011.pdf
	RED CLIFFS TERMINAL STATION (RCTS) 22 kV

	RCTS66_2011.pdf
	RED CLIFFS TERMINAL STATION (RCTS) 66 kV 

	RTS_66_2011.pdf
	RICHMOND TERMINAL STATION 66 kV (RTS 66 kV)

	RWTS_22_2011.pdf
	RINGWOOD TERMINAL STATION 22 kV (RWTS 22)

	RWTS 66_2011.pdf
	RINGWOOD TERMINAL STATION 66 kV (RWTS 66 kV)

	SHTS_2011.pdf
	SHEPPARTON TERMINAL STATION (SHTS) 66 kV

	SMTS_2011.pdf
	SOUTH MORANG TERMINAL STATION (SMTS 66 kV)

	SVTS 2011.pdf
	SPRINGVALE TERMINAL STATION (SVTS)

	TBTS 2011.pdf
	TYABB TERMINAL STATION (TBTS)

	TGTS_2011.pdf
	TERANG TERMINAL STATION (TGTS) 66kV

	TSTS 2011.pdf
	TEMPLESTOWE TERMINAL STATION (TSTS)

	TTS 66 kV_2011.pdf
	THOMASTOWN TERMINAL STATION 66 kV (TTS 66 kV)
	Station: TTS12 66kV
	Station: TTS34 66kV
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021

	WETS_2011.pdf
	WEMEN TERMINAL STATION (WETS)

	WMTS_22_2011.pdf
	WEST MELBOURNE TERMINAL STATION 22 kV (WMTS 22 kV)

	WMTS_66_2011.pdf
	WEST MELBOURNE TERMINAL STATION 66 kV (WMTS 66 kV)

	WOTS_2011.pdf
	WODONGA TERMINAL STATION (WOTS 66 kV and 22 kV)

	FTS 2011.pdf
	FRANKSTON TERMINAL STATION (FTS)

	HTS 2011.pdf
	HEATHERTON TERMINAL STATION (HTS)

	MTS 66 kV 2011.pdf
	MALVERN 66 kV TERMINAL STATION (MTS 66 kV)

	MWTS_2011.pdf
	MORWELL TERMINAL STATION (MWTS) 66 kV (MWTS 66 kV)

	TBTS 2011.pdf
	TYABB TERMINAL STATION (TBTS)




