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1 Introduction 

1.1 Purpose 

The purpose of this document is to present and explain the results from Transpowerôs 
application of the Grid Investment Test (GIT), undertaken as a part of the Lower South 
Island Reliability Investment Proposal (the Proposal). 

Note that unless otherwise specified all currency numbers presented in this report are pre-
tax and discounted to $2010 at 7%. 

1.2 Glossary/terminology  

A glossary of terms and acronyms used in this GIT Results paper is included in Appendix A. 

All references to rules in this document refer to those in Section III of Part F of the Electricity 
Governance Rules 2003 unless otherwise specified. 

1.3 Document structure 

This document forms part of the Proposal. The documentation is structured according to the 
following diagram:  
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The approach and assumptions are set out in detail within Attachment B, and engineering 
analysis that led to the options is described in Attachment C. 

This document follows the structure below: 

 Section 2 ï Models and Assumptions 

 Section 3 ï Application of the Grid Investment Test 

 Section 4 ï Grid Investment Test Results 

 Section 5 ï Uncertainty in the Results 

 Section 6 ï Conclusion of Grid Investment Test Analysis 

 Appendix A ï Glossary 

 Appendix B ï SDDP Modelling Report 

1.4 Compliance with the Grid Investment Test 

Under Rule 14.4, the Electricity Commission may approve proposed investments where 
Transpower has applied the GIT reasonably. 

As set out in the Proposal, investment in the Lower South Island (LSI)  is considered a 
reliability investment on both core and non core parts of the Grid (defined in the Rules).  The 
Proposal must meet the Grid Reliability Standards (GRS), being that: 

 the power system is reasonably likely to achieve a level of reliability at, or above, the 
level that would be achieved if all economic reliability investments were to be 
implemented; and 

 with all assets reasonably expected to be in service, the power system will remain in a 
satisfactory state during and following any single credible contingent event occurring on 
the core grid. 

For the core grid the application of the GIT to the Proposal must: 

 maximise the expected net market benefit or minimise the expected market cost 
compared with a number of alternative projects, in a robust manner having regard to 
sensitivity analysis. 

For the non core grid, the application of the GIT to the Proposal must: 

 maximise the expected net market benefit (which is greater than zero), compared with a 
number of alternative projects, in a robust manner having regard to sensitivity analysis.  

Transpower considers that the results set out in this document demonstrate that Transpower 
has applied the GIT reasonably and that Option 9 satisfies the GIT.  

 

2 Models and assumptions 

Attachment B provides full details of the models and assumptions used in the GIT analysis.   

 

3 Application of Grid Investment Test  

The GIT analysis consists of two distinct parts, the core grid analysis and the non core grid 
analysis. Whilst each has been assessed separately, the GIT has been applied to the overall 
cost of both the non core and core grid elements required to meet the GRS. For the core grid 
analysis the GRS requires any upgrade to provide N-1 security at the lowest cost. The non 
core grid analysis requires the net market benefit of any investment be positive relative to 
the base case. 

3.1 Core grid analysis 

The GIT analysis on the core grid considers the security of the power system during a 
contingent event. For the loss of a single transmission asset on the core grid we consider 5 
days to be the maximum time required for recovery. This corresponds to the maximum time 
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to replace or rebuild a single fallen tower under adverse conditions (storm, land slips etc.). 
However, it should be noted that the outcome of the following analysis is relatively 
insensitive to a contingency that ranges in duration between 15 hours and 5 days. 

Any proposed investment on the core grid must result in 100% of the load being served 
during a single contingent event. For the Lower South Island region this requires analysis of 
the N-1 transmission limits transferring power into the region and the level of generation that 
can be reasonably expected from Manapouri under óworst caseô or low inflow conditions.  

3.1.1 Manapouri minimum generation assumption  

The generation provided by Meridian from Manapouri assists in providing N-1 security on the 
core grid. The GIT analysis uses the worst case generation level during a contingent event 
to identify if the core grid can maintain N-1 security under these conditions.  

Under south flow conditions (into the Southland region) the worst case generation scenario 
for Manapouri is very low generation levels caused by low hydro inflows. The assumption of 
how much Manapouri can reasonably generate pre and post contingency under low inflow 
conditions is central to the GIT analysis. 

Meridian stated in its submission
1
 to the April 2009 consultation, that normal operation is in 

the range 4.3-17.5 GWh/day which corresponds to average output of between 180 ï 650 
MW.   

To establish what a reasonable expectation would be under low inflows, we undertook 
analysis based on historical data. Inflow data for the hydro lakes are available back to 1930.  
Actual generation for the last 22 years is published in the ECôs Centralised Data Set.  Figure 
3-1 shows a histogram of daily generation. 

Figure 3-1 - Histogram of Manapouri Daily Generation 

 

Daily generation has been lower than 4.3 GWh approximately 1.2% of the time.
2
  For a 

contingency lasting only a few minutes the station is able to ramp up to around 600 MW, but 
this cannot be continued until storage runs out as there is a resource-consent limit on the 
rate at which the lake level may fall.   

  

                                                      

1
 http://www.gridnewzealand.co.nz/f2026,13855129/13855129_Meridian_submissioncomplete.pdf 

2
 Excluding days when Manapouri was shut down for connection of the new tailrace tunnel 

http://www.gridnewzealand.co.nz/f2026,13855129/13855129_Meridian_submissioncomplete.pdf
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A report by Tom Halliburton presented in Attachment J of the Lower South Island 
Renewables Investment Proposal

3
 argued that Meridian could be less cautious during a 

prolonged grid contingency, and that 6.65 GWh/day (equivalent to an average of 
approximately 280 MW) could be made available when the normal operating procedures 
produce 4.3 GWh/day. 

Given the criticality of the Manapouri generation assumption to the core grid analysis and 
resource consent constraints placed on Lake Manapouri operation, further discussions were 
held with Meridian Energy. It was mutually agreed that 247MW would be used as a minimum 
level of average generation from Manapouri, post contingency. This represents an Upper 
Waiau flow of 115 cumecs with a 4cm/day drawdown rate. This higher level of post 
contingency generation would be available for a limited time. 

To convert the average daily value of 247 MW to a peak figure an additional 40MW has 
been added to this value based on the difference between the peak and trough loads in the 
Southland region being approximately 80MW.   

However, during a contingent event, running the system at its limit is not desirable and to 
this end we have assumed a pragmatic 25 MW óoperating marginô in the level of generation 
available from Manapouri. This margin will ensure the transmission system does not have to 
be operated right at the limit during a contingent event. The 25 MW operating margin is 
equivalent to 50% of the total South Island 50 MW frequency keeping margin. 

It is anticipated that a reduction in the post contingency operating margin of 25 MW or an 
increase in the pre-contingency operating margin of 0 MW will not impact on any of the 
proposals in this GUP. 

Pre contingency (with all circuits in service) it is assumed that the minimum level of average 
generation is 180 MW, consistent with the minimum level suggested in Meridianôs 
submission.  This translates into a peak value of 220 MW.  This level of generation assumes 
the following: 

 timely investment on the non core grid so it does not constrain Manapouri generation. 

 an SPS system is used to automatically reduce load and/or increase generation in the 
event of one of the Invercargill-Roxburgh circuits tripping and overloading the parallel 
circuit. Once the immediate automatic action has occurred to prevent circuit overloading, 
generation and/or load can be re-dispatched or restored. 

Whilst there has not been any specific system studies completed on the optimum SPS 
design, once the SPS is installed, it will be possible to have Manapouri well below 180 MW 
at times (consistent with avoiding Invercargill-Roxburgh overloading pre-contingency).  It is 
likely that Manapouri could even generate zero MWs for some parts of the day.  This gives a 
degree of generation flexibility and, therefore, no operating margin is required.  The pre-
contingency peak Manapouri generation is therefore assumed to be 220 MW. Table 3-1 
summaries the assumptions made. 

Table 3-1 Manapouri Generation Assumptions 

 Pre Contingency Post Contingency 

Daily Average (MW) 180 247 

Adjustment to be at peak load (MW) +40 +40 

Operating margin (MW) 0 -25 

Peak(MW) 220 262 

   

 

  

                                                      

3
 http://www.electricitycommission.govt.nz/pdfs/opdev/transmis/gup/2009/LSI/AttachmentJ.pdf 
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3.1.2 Transmission constraint and import limits 

Southward transfer into the Southland region is restricted by capacity limits on the Roxburgh 
to Invercargill and Three Mile Hill to North Makarewa 220 kV transmission circuits. These 
circuits are classified as core grid assets in the Rules and are subject to the N-1 security 
standard prescribed in the GRS. 

To maintain the N-1 security standard, constraints have been calculated which define what 
N-1 means across specific circuits. The same methodology as used by the System Operator 
to develop the operational limits on the transmission system is used to develop the 
constraints.   

The calculated constraints cover the failure of one of the Roxburgh to Invercargill circuits as 
these circuits are the most significant transmission risks for the LSI region during south flow. 
The general methodology used to calculate constraints is to reduce the level of Manapouri 
generation until either of the Invercargill-Roxburgh 220 kV circuits is loaded to 100% and to 
record the level of south transfer on the remaining bulk transfer lines into the LSI region.  

Two network configurations are considered in assessing the south transfer capability in the 
region. The first is the Brydone-Gore line in service, the second is with the Brydone-Gore 
line out of service. With Brydone-Gore in service, a proportion of south transfer into 
Invercargill and North Makarewa occurs through the 110 kV network. This results in 
overloading the Gore-Roxburgh 110 kV circuit in the summer. By splitting the non core grid 
between Brydone and Gore greater levels of south transfer are possible on the core grid 
because the bulk south transfer no longer utilises the 110 kV network and is not restricted by 
Gore-Roxburgh overloading. A similar situation occurs with northwards power transfer out of 
the Southland region but in this situation the Edendale-Invercargill line overloads and 
becomes the constraining factor on bulk transfer northwards. 

 

Table 3-2- Summary of non core grid restrictions 

 

 

The transmission constraints and associated limits are used in conjunction with the minimum 
generation levels from Manapouri, post contingency, to calculate if N-1 security is 
maintained on the core grid. 

  

 Network Configuration 

 Brydone-Gore In Service Brydone-Gore Out of Service 

Bulk Transfer Non core and core grid Core grid only 

Overloading 
Gore-Roxburgh 110 kV or 

Edendale-Invercargill 
N/A 

Network Restriction 
Gore-Roxburgh 110 kV or Edendale-
Invercargill capacity 

Core grid capacity 
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3.1.3  Generation, transmission import and load 

The charts below show the energy available in the LSI region based on Manapouri 
generation plus transmission import into the region. Transmission import into the region is 
lower during the 6am to 11pm period as the transmission limits are summer day limits rather 
than the winter limits over the night period. 

As the demand level rises over time the generation required from Manapouri to meet peak 
demand increases. Where peak demand is greater than the generation that Manapouri can 
provide, the N-1 standard on the core grid is compromised indicating that an upgrade of 
capacity into the LSI region is necessary. 

Figure 3-2 - Generation, Transmission and Load Levels with Brydone Gore Closed 

 

Figure 3-2 above shows that N-1 security can only be maintained until 2012 at which point 
some action is required. It is anticipated that the need can be addressed by the use of an 
automatic load trip and/or generation run-up. This will enable a post contingency rating of 
262 MW on  Manapouri.  The next need date is 2018 under the  262MW post contingency 
rating, i.e. when the additional capacity provided by an automatic load trip and/or generation 
run-up runs out .  

To determine the optimum timing for investment on the core grid, we have considered a 
staged option (option 8) which delays investment in series capacitors until 2018 as well as 
the full build option (option 9) which has the series capacitors built in 2015, which is the 
earliest possible commissioning date.  Essentially, the latter returns the lowest overall cost 
when considered as one package with the non core grid investment required and as a result, 
this forms the preferred solution.  

The fact that the staged option (option 8)  returns a higher overall cost than the full build 
option (option 9)  may seem counterintuitive.  The reasons for the cost difference is the fact 
that the installation of just a single 220/110 kV transformer at Gore in 2014 (as opposed to 
two transformers in the proposal) does not significantly affect the south flow capacity. 
Following the tripping of a 220 kV Invercargill ï Roxburgh circuit it is still necessary to split 
the Gore 110 kV bus (with shunt capacitors to support the voltage), and have available an 
SPS (either a generation run up or load intertrip) until a series capacitor is installed in 2018.  
Whilst the timing of some investments are delayed, the requirement for voltage support and 
the reliance on an SPS results in a higher cost overall for the staged option (option 8). 
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3.2 Non core grid analysis 

The non core grid GIT analysis focuses on the amount and value of unserved energy that 
occurs during both single contingent events (N-1) and single contingent events during 
planned maintenance outages which can be considered as High Impact Low Probability 
(HILP) events. The total value of unserved energy for any option adds to the costs of that 
option and is especially relevant to the minimum build reference case option. 

3.2.1 Value of lost load 

The value of lost load (VoLL) used at all GXPs except Edendale is $23,185/MWh. This is the 
December 2004 value of $20,000/MWh prescribed in the EGRs inflated 5 years using an 
inflation rate of 3%. 

3.2.1.1 Edendale VoLL 

Edendale is the site of New Zealandôs largest dairy processing plant. For any contingency 
that results in an outage at the Edendale GXP, the cost of the unserved energy at the 
Fonterra processing plant has two components: 

1. a cost per MWh of unserved energy 

2. the second is a per outage event cost.  

Advice from Fonterra included an outage cost of $50,000/MWh. This represents a 
combination of the cost of lost production and environmental costs incurred due to milk being 
dumped or not collected.  

The majority of costs incurred occur during the first few seconds of an outage. This is 
represented as an outage event cost. Medium level estimates from Fonterra put this at 
approximately $1.4 million per event in 2011 with the cost increasing over time. We have 
used an event cost of $1.4 million for all years in the analysis which will tend to under 
represent the value of any lost load at Edendale. 

3.2.2 Single contingent events (N-1) on non core grid 

The N-1 analysis firstly identifies the likely system configuration of the 110 kV network based 
on forecast load levels at each GXP.  Power flows on the non core 110 kV grid are affected 
by both GXP load levels and the direction and level of bulk transfer on the core grid. Due to 
the parallel nature of the core and non core grid assets, the non core grid will carry a portion 
of the bulk power transfer.  

The combination of bulk transfer carried on the non core grid plus the load level of the non 
core grid GXPs can lead to the non core Gore-Roxburgh or Edendale-Invercargill lines 
overloading during south and north transfer respectively. When overloading is likely to occur 
the non core grid can be split so no bulk transfer occurs on the non core 110 kV network. 
This allows the 110 kV loads to be supplied but places several of the loads on the 110 kV 
network on n security.  

The maximum load that can be supplied on the 110 kV network is therefore related to: 

1. the capacity of the 110 kV network 

2. the amount of bulk transfer to and from Southland supplied via the non core grid, 
which is in itself a product of Manapouri generation and load in Southland 

For bulk power transfer southwards, lower Manapouri generation or higher Southland 
demand will result in the 110 kV network having to be split at lower levels of load on the 110 
kV as more of the capacity on the 110 kV network is required to service Southland load. For 
northwards flow, higher levels of Manapouri generation will overload the Edendale-
Invercargill line earlier, restricting the total amount of power that can be sent northwards out 
of the Southland region. 

As numerous different levels of Manapouri generation occur on a daily basis it is 
unreasonable to carry out system studies for every possible generation level. As an 
approximation, system studies have been carried out for two differing levels of generation for 
each of north and south bulk power transfer situations. Each study determines the proportion 
of bulk transfer that is carried by the non core grid and hence the maximum load that can be 
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supplied on the 110 kV network.  For generation levels not studied, the effect of bulk transfer 
on the maximum 110 kV load that can be supplied is linearly interpolated from the known 
points. 

The model determines the direction of the bulk transfer and based on this, determines the 
maximum load that can be supplied on the non core 110 kV network.  If the load on the non 
core load exceeds this value then the model identifies that a split is required. 

Prior to 2015 in the reference case, the non core grid can be split by opening Brydone-Gore 
but only if the Balclutha and Gore loads can be supplied from Gore-Roxburgh and Balclutha-
Berwick-Halfway Bush. If this loading condition is not met then Brydone-Gore cannot be 
opened and any load above the transfer limit of the non core grid is unserved. 

After 2015 the reference case has provision for the Gore bus to be sectionalised, allowing 
the Gore bus to be split. Splitting the Gore bus assumes approximately 75% of load at Gore 
will be supplied via Gore-Roxburgh and the remaining 25% via Balclutha-Berwick-Halfway 
Bush. This system configuration means no Gore load will be supplied via Brydone-Gore 
effectively removing Brydone-Gore from service and splitting the non core grid.  

Operationally it is not possible to split the non core grid on a half hourly basis therefore the 
N-1 analysis assumes that if any trading period in a week requires the network to be split 
then the network will be split for the whole week. 

 The diagram below illustrates the decisions made by the model to determine the 
configuration of the network. 

Figure 3-3: Grid configuration flow chart 
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3.3 Unserved Energy Costs 

This section details how we have calculated the unserved energy costs arising from each of 
the short list development plans. 

3.3.1 Unserved energy from single contingent events (N-1) 

Once the network configuration for each week is identified a number of contingencies are 
tested and the total unserved energy (MWh) is calculated. The contingencies tested are: 

Table 3-3: Contingencies and Probabilities 

Contingency Probability of Occurrence 

Invercargill-Roxburgh 1 or 2 0.02002% 

Gore-Roxburgh 0.02644% 

Balclutha-Berwick-Halfway Bush 0.03115% 

Balclutha-Gore 0.04325% 

Brydone-Gore 0.02116% 

Brydone-Edendale 0.00322% 

Edendale-Invercargill 0.00316% 

Invercargill T1 0.00213% 

Roxburgh T10 0.00165% 

Halfway Bush T5 0.00864% 

Roxburgh-Three Mile Hill 1 or 2 

 

0.13620% 

 

Note: All contingency probabilities involving Brydone are calculated using 10 
years of data as Brydone was commissioned in mid 1990ôs 

 

For loads on N security the calculated unserved energy is multiplied by the probability of 
outage (based on historical data) and VoLL to give the expected value of unserved energy. 
When the network is not split all unserved energy is assumed to occur at Gore. When the 
network is split unserved energy is assumed to occur at each respective GXP. 

Any load above N security cannot be supplied even if there is no contingency. Therefore this 
load is all unserved energy and is costed at the value of lost load for each respective GXP. 

The N-1 unserved energy is only calculated for the reference case up to the year 2027. This 
is due to the installation of interconnecting transformers at Gore in 2028 in the reference 
case. This investment gives the reference case N-1 security from 2028 onwards therefore 
single event contingencies can occur without load being lost.  

The alternative investment options and the proposal achieve an  N-1 security level at all 
times so single contingent events do not result in unserved energy. 

3.3.2 Unserved energy - contingent events during planned maintenance outages (HILP) 

The High Impact Low Probability (HILP) analysis considers the probability of an unplanned 
contingency occurring during a planned maintenance outage. This analysis assumes 
planned maintenance will only occur during the summer months therefore only the summer 
loads will be affected by a contingency during a planned outage.  

The expected unserved energy is calculated using 4 components: 

1. the summer load (MWh) at each GXP for each year between 2010 and 2027 

2. the VoLL at each GXP 

3. the probability of each contingency occurring during the maintenance outage 

4. information detailing which GXPs lose load based on the combination of maintenance 
outage and contingency. 
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3.3.3 Unserved energy results 

The analysis has been undertaken on both the prudent and expected demand forecasts, the 
results of which are shown below.  

Table 3-4 - NPV of unserved energy costs, prudent forecast 

Prudent Forecast 
Reference Case 

($m) 

Option 8 

 ($m) 

Option 9 

 ($m) 

N-1  17.8 0 0 

HILP 7.3 2.2 2.2 

TOTAL ($m) 25.2 2.2 2.2 

    

 

Table 3-5 - NPV of unserved energy costs, expected forecast 

Expected Forecast 
Reference Case 

($m) 

Option 8 

 ($m) 

Option 9 

 ($m) 

N-1  1.9 0 0 

HILP 6.0 1.8 1.8 

TOTAL ($m) 7.9 1.8 1.8 

 

To reflect a reasonable assessment of unserved energy costs under a full range of demand 
levels the final GIT results presented in Table 3-6 and Table 4-1 are a combination of the 
70% of the expected and 15 % of the prudent forecast unserved energy calculations.  

The values of 70% expected and 15% prudent are estimated from the probability of each 
forecast occurring and the value of unserved energy that occurs under each forecast. The 
15% remaining to make 100% represents a demand forecast level with a probability of 
exceedance on 90% which is assumed to have no unserved energy.  

 

Table 3-6 - GIT result combination, 70 % expected, 15% prudent 

Expected Forecast 
Reference Case 

($m) 

Option 8 

 ($m) 

Option 9 

 ($m) 

N-1  4.0 0 0 

HILP 6.0 1.8 1.8 

TOTAL ($m) 10 1.8 1.8 

3.4 Loss and dispatch costs 

The other costs (aside from capital and operating and maintenance costs) considered are 
loss costs and dispatch costs. These are both calculated through the use of the SDDP 
model, refer Appendix B for detailed SDDP analysis.  

Line losses have been calculated using the resulting line flow data from the SDDP simulation 
runs and have been valued at the South Island SRMC for the appropriate inflow sequence, 
month and load block. The loss costs are averaged over the five MDS to give an expected 
loss cost for each development option. This is an approach that has been adopted and 
accepted in previous investment proposals. 

Dispatch costs represent the total fuel costs resulting from each simulation run plus any 
shortfall costs. Shortfall costs represent unserved energy in the SDDP model due to 
insufficient generation capacity or HVDC link capacity being available.  The unserved energy 
represented by shortfall differs from unserved energy calculated in the reliability model 
because it represents insufficient or very highly priced generation fuel (either water or 
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thermal) rather than unserved energy due to transmission outages. The dispatch costs are 
averaged across hydro inflow scenarios and each MDS. 

 

4 Grid Investment Test results 

Table 4-1 below details the GIT results as applied to each 20 year development plan. 
Included in the assessment are the capital and operating and maintenance costs of each 
development plan as detailed in the Costing Report (Attachment D). The unserved energy 
costs, relative loss and market costs are also included in the analysis to give an overall net 
market cost of each option against the reference case. As illustrated the full build option (9) 
delivers the lowest net market cost of all the options and therefore passes the GIT and forms 
the preferred solution.  

Table 4-1: Grid Investment Test Results 

Option 
Reference case 

  Minimum Build 

Option 4  

New Line 

Option 8  

Staged Build 

Option 9 

Full Build 

Capital Cost (A) 36 89 50 43 

O & M costs (B) 4 4 4 4 

Unserved energy cost  

normal operation (C) 
4 0 0 0 

Unserved energy cost   

maintenance (D) 
6 1

1
 2 2 

Loss Cost (E) 0 (18) (3) (14) 

Dispatch Cost (F) 0 (5) (5) (3) 

Expected Net Market Cost 

(A+B+C+D+E+F) 

 

49 

 

70 

 

48 

 

32 

 

Notes: 
Costs are all pre tax, discounted at 7%, in $m, and in $2010 

Unserved energy under normal operation relates to unplanned outages when all assets are in service 

Unserved energy under maintenance  relates to unplanned outages when another asset is out of service due to 
maintenance  
1 
This value is a conservative estimate of the unserved energy as it was deemed unnecessary to include Option 4 

in the unserved energy analysis given the high level of capital cost for this option.  

4.1 Grid Investment Test Results by MDS 

It is useful to consider the results by MDS shown in Table 3-1 below. This shows the impact 
of different levels of generation investment and load growth over the period of analysis. The 
primary difference between the MDSô for the LSI is the expansion of wind in the first few 
years of each scenario and the gradual removal of Tiwai load in MDS3 from 2022 to 2027. 
The generation expansion plans for each MDS can be found in Attachment B, Appendix C . 
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Table 4-2 - GIT Results by MDS 

Option 
MDS1 

($m) 

MDS2 

($m) 

MDS3 

($m) 

MDS4 

($m) 

MDS5 

($m) 

Average 
GIT Results 

Reference Case  49 49 49 49 49 49 

Option 4 

New Line  
75 78 46 74 78 70 

Option 8 

Staged Build 
53 50 37 55 53 50 

Option 9 

Full Build 
31 34 21 34 38 32 

 

Notes: 
Costs are all pre tax, discounted at 7%, in $m, and in $2010 

Unserved energy under normal operation relates to unplanned outages when all assets are in service 

Unserved energy under maintenance  relates to unplanned outages when another asset is out of service due to 
maintenance 

 

The results by MDS show that MDS3 has a much reduced cost for options 4,8 and 9 due to 
the gradual removal of Tiwai load from 2022. This is reflected in the costs as reduced 
dispatch and loss costs. As these costs are shown relative to the reference case, the 
reference case GIT results does not change.  

The remaining MDSô do not have a wide variation in costs indicating that different generation 
expansion paths do not have a material impact on the outcome of the GIT analysis. 

The full build option (option 9) passes the GIT under each individual MDS. 

4.2 Grid Investment Test sensitivities 

4.2.1 Range of sensitivities 

The sensitivities considered in the application of the GIT to the short-list options are set out 
in the table below. 

Table 4-3 Summary of Sensitivities 

Sensitivity Value 

Discount rate 4% and 10% 

Capital cost Included, Low 80%, high 120% 

Value of expected unserved energy 
Included, $10,000/MWh, $40,000/MWh inflated for 5 
years at 3% and VoLL at Edendale @$25,000/MWh and 
$700,000 per incident 

Forecast demand Included ïPrudent forecast (adjusted for Covec)  

Property Costs Included, 200% 

Carbon charges 
Included, low 80%, high 120% in addition to the 
variation between scenarios 

Variations in the size, timing, location, and operating 
and maintenance costs 

Not included as a sensitivity 

Timing of decommissioned assets 
No assets are being decommissioned and therefore not 
included. 

Variation in hydrological inflow sequences 
Included in base analysis and therefore not included as 
a sensitivity, modelled within SDDP analysis 

Generator and demand side bidding strategies Not included as a sensitivity, included in scenarios 

Competition benefits Not included 
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4.2.2 Results from Sensitivity analysis 

The results from the sensitivity analysis are presented below.  

Table 4-4 - Expected net market cost of the short-list options under sensitivity analysis 

Expected Net  
Market Cost 

($m) 

Reference case 

Minimum Build 

Option 4 

New Line 

Option 8  
Staged Build 

Option 9 

Full Build 

Base results ($m) 49 70 48 32 

Sensitivity:     

Discount rate, 4% 62 85 59 39 

Discount rate, 10% 41 58 40 26 

Capital 80% 42 52 38 23 

Capital 120% 57 88 58 41 

Unserved Energy  
@$11,592/MWh 

46 70 47 31 

Unserved Energy 
@$46,370/MWh 

57 70 49 33 

Unserved Energy for 
EDN@$25,000/MWh and 
$700,000 per incident  

48 70 48 32 

High demand (prudent 
Forecast) 

65 20 34 (11) 

Property Costs (200%) 50 73 49 33 

Low Carbon Cost (80%) 49 81 51 39 

High Carbon Cost (120%) 49 79 50 39 

The cost for option 9 under a high demand forecast becomes negative due to the large 
savings in losses relative to the reference case.  

The full build option (option 9), the proposal, is the lowest cost option under all sensitivities 
analysed thus demonstrating it is robust against a number of alternative assumptions  
including a lower site specific VoLL at Edendale.  

4.3 Un-quantified benefits 

Given that there are three short-listed options which are close economically, we have also 
considered other non-quantified differences, as a means of helping to differentiate between 
the options.  

Option benefits ï does the option include flexibility to be amended in the future if there are 
significant changes? Options which can be amended include an inherent value, because 
demand growth could be higher or lower than forecast, new generation may appear, a new 
grid exit point may be required or technology changes may mean a different solution is 
preferable, etc. 

The preferred option (9), scores fairly low for this benefit given it builds the majority of what 
is required over the 20 year period by 2015.  In contrast, the reference case and the staged 
build option (8) allow a greater degree of flexibility in responding to slower demand growth.  
However, that said, the full build option will accommodate a significant step increase in load 
at short notice beyond 2015 , which the other options cannot. 

Consumer benefits through enhanced competition ï to what extent will the option 
enhance competition in the New Zealand electricity market?  The more competitive a market 
is, the more efficient it will be at delivering the advantages that markets can provide to 
consumers.  Transmission investment may enable a more competitive generation 
investment market through lower nodal prices for consumers and can increase market 
liquidity (which should result in increased availability of electricity price risk management 
products). 
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Both the new line option (4) and the full build option (9) will deliver a benefit in this region 
over and above the other options since they deliver higher capacity and increased 
operational flexibility at Manapouri sooner, reducing constraints that may restrict retail 
competition.  

Wider economic benefits ï to what extent will the option deliver wider economic benefits?  
The GIT assesses the benefits of transmission investment in terms of lower electricity costs 
and avoided unserved energy for only consumers of electricity.  There is no consideration of 
the wider benefit to New Zealand that electricity provides. For example, a low cost and 
secure supply of electricity will encourage foreign investment in New Zealand, compared to a 
higher cost, less reliable supply.  This factor differentiates between options on the basis of 
their potential to provide wider economic benefits for all New Zealanders.  Options which 
provide certainty to investors in new generation and/or confidence to investors in the New 
Zealand economy and/or more tourism, for instance, are preferred. 

The reference case (0) would not deliver wider economic benefits given the unserved energy 
that will occur on the grid.  The resulting perception that the region cannot deliver a secure 
supply of electricity under this option will inhibit regional development and investor 
confidence.  Some future developments

4
 are specific to the resources in the region and 

cannot be assumed to occur elsewhere in another region which can deliver a higher degree 
of security.  Both the new line option (4) and the full build option (9) have the potential to 
deliver this benefit.   

Minimises disruption ï to what extent will the local community be disrupted by the 
implementation of an alternative?  While staged options can provide economic benefit by 
deferring capital expenditure and providing flexibility to deal with future changes, they may 
also be more disruptive to the community and in particular landowners.  Staged options 
could mean, for instance, that we would be revisiting the same landowners every few years 
to incrementally increase transmission line capacity. This factor considers the extent to 
which an option would disrupt the community over the analysis period. 

The full build option (9) scores high in this regard since it will result in a relatively short 
construction timeframe and will be mainly focussed on a concentrated area around Gore and 
Three Mile Hill.  The development plan for this option only requires one additional modelled 
project beyond 2015, whereas the staged option (8) and the reference case (0) development 
plans require work to be completed on a regular basis throughout the development period.   

Diversity benefits ï to what extent will the option provide diversity of supply?  GIT analysis 
typically quantifies reliability benefits for each option, where the differences are considered 
significant and can be readily quantified.  However, some differences are important but too 
difficult to quantify.  For example, providing electricity supply to an area through two 
separate transmission lines, rather than one, provides protection against losing a portion of a 
line.  The statistics of this and other such low probability events are not available and so 
rather than guesstimate them, we consider it is more appropriate to rank the options in terms 
of their ability to provide resilience against such events.  Another diversity benefit 
transmission can provide is access to a more diverse electricity supply.  In some 
circumstances, new transmission will mean consumers in an area have access to more fuel 
sources than previously available. 

The proposed option (9) will provide diversity benefits in the 110 kV network from the 
different configurations possible at Gore.  This will aid restoration after an unplanned outage 
or failure compared to both the stage build option (8) and the reference case (0).   

Operational benefits ï to what extent does the option provide operational benefits not 
reflected in the economic analysis?  Some options will provide operational benefits, for 
example by making outage planning easier.  Other options may provide more flexibility to 
deal with the modified grid configurations required in dry hydrological years.  Such benefits 
are not always reflected in GIT analysis.  Some options may result in a more resilient grid, 
particularly to High Impact Low Probability (HILP) events.  Such a benefit is particularly 
valuable, but notoriously difficult to quantify.  

                                                      

4
 Such developments include silicon, oil and gas and lignite extraction and processing.  There is a high potential for such 

industries to develop in the region above and beyond what has been captured in the prudent demand forecast. 
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The proposed option (9) will provide high operational benefits compared to both the staged 
build option (8) and the reference case (0).  In particular, maintenance of the 110 kV Goreï
BrydoneïEdendaleïInvercargill circuits can be carried out in winter during the shutdown of 
the Fonterra dairy factory, and the maintenance on the rest of the network can be carried out 
during summer. 

Alignment with long term grid development ï to what extent is the option consistent with 
our longer term vision for the Grid.  Our longer term vision for how the Grid should develop 
considers a longer time period than considered in the GIT.  This factor considers whether an 
option is consistent with the long term vision, or whether considering a shorter term analysis 
period may have led to a different decision. 

Aligns NZ government environmental goals ï to what extent does an option conform to 
governmental environmental goals, not specifically reflected in the GIT e.g. moving toward a 
high proportion of renewable energy? 

For this particular investment, there is little or no difference between the options in terms of 
the last two qualitative benefits so they have been omitted from the analysis. 

For the others, a qualitative assessment of these benefits against each of the options is 
given in Table 4-5 below.  The benefit for each option has been qualitatively ranked between 

V (least benefit) and VVV (most benefit). 

The table also includes the GIT result and our conclusion for the overall preferred option.  

Table 4-5: Qualitative assessment of non-quantified benefits and overall preferred option 
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Reference 
Case 

$49 VVV V V V V V 4 

Option 4  

New Line 
$70 VV VVV VVV V VVV VVV 2 

Option 8 
Staged Build 

$48 VVV VV VV VV VV VV 3 

Option 9 Full 
Build 

$32 V VVV VVV VVV VVV VVV 1 

 

Although there is subjectivity involved in ranking the options, Option 9 ranks highly in terms 
of non-quantified benefits and higher than all other alternatives  and as such it supports the 
outcome of the GIT analysis and the choice of this option as the Proposal.  

5 Uncertainty in the results 

There is an inherent level of uncertainty in the input assumptions and the formulation of the 
GIT analysis.  

Taking this uncertainty into account, readers should be careful not to infer a level of 
precision that does not exist.  

However, within the context of the Rules, Transpower considers that the rigour and 
comprehensiveness of the analysis undertaken is commensurate with the estimated capital 
expenditure required for the investment proposal.  Based on the overall assessment of 
quantified and un-quantified benefits, Transpower considers the option selected by applying 
the GIT, the full build option (option 9) is the best option and satisfies the requirements for 
approval under the Rules. 
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6 Conclusion of the Grid Investment Test Analysis  

Transpower considers that the full build option (option 9) satisfies the GIT because: 

 it maximises the expected net market benefit (including accounting for the impact of 
non-quantified market benefits) when compared with the alternative projects  

 it has a positive expected net market benefit 

 it is robust to the results of sensitivity analysis. 

. 
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Appendix A  Glossary  

 

Term Description 

Alternative 
Project 

Projects that are reasonable to consider as alternatives to the proposed investment in applying the Grid 
Investment Test (GIT), in accordance with rule 19, Schedule F4, Part F Section III, Electricity Governance 
Rules (EGRs). 

Base Case The ñdo nothingò option, a counterfactual for other options to be considered against. 

economic 
investment 

 

Investments in the grid that can be justified on the basis of the Grid Investment Test under section III of 
part F, Electricity Governance Rules (EGRs), and are not reliability investments. 

EGRs 
Electricity Governance Rules. In the context of this document, it generally refers to Part F Transport, 
Section III Grid Upgrade and Investments, 28 June 2007. 

expected 
project costs 

Expected project costs (or expected costs) represent the estimated (P50) cost plus a contingency for 
scope accuracy. Scope accuracy allows for unexpected variations in the design scope and a standard 
allowance, based on experience, for items not considered in the design. 

GIT 

Grid Investment Test. A test for reliability investments and economic investments in the grid developed in 
accordance with rule 6 of section III of Part F, Electricity Governance Rules (EGRs). The specific rules 
defining the Grid Investment test, as developed according to the process in rule 6 of section III, are set out 
in Schedule F4 of section III of Part F. 

Grid Planning 
Assumptions 

Principles for these are contained in Rule 10 Electricity Governance Rules.  The Rule provides that 
assumptions should cover a reasonable range pf credible forecasts and scenarios; should have a length 
of outlook commensurate with consideration of future investment in long-life transmission assets; and 
should be as accurate as possible.      

Grid Reliability 
Standards 

Grid Reliability Standards are standards for reliability of the grid developed in accordance with Rule 4.  
The standards themselves as currently developed are detailed in Schedule F3 of Part F. 

HVDC High Voltage Direct Current  

HILP 
High Impact Low Probability events have a very high impact in terms of costs of unserved energy but the 
probability of occurrence of the event is extremely small. 

modelled 
projects 

Transmission augmentation projects and non-transmission projects, other than the proposed investment 
and alternative projects, which are likely to occur in a market scenario, are reasonably expected to occur 
in that market development scenario within the time horizon for assessment of the market benefits and 
costs of the proposed investment and alternative projects, and the likelihood, nature and timing of which 
will be affected by whether the proposed investment or any alternative project proceeds. 

Rules The Electricity Governance Rules 2003. 

SDDP 
Stochastic Dual Dynamic Programming, a hydro-thermal dispatch model with representation of the 
transmission network used for short, medium and long term operation studies.   

SRMC Short Run Marginal Cost  

SoO Statement of Opportunities, published by the Electricity Commission 

Transpower 
Transpower New Zealand Limited, owner and operator of New Zealandôs high-voltage electricity network 
(the national grid). 
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1 Executive Summary 

 

Transmission system losses and constraints have been studied using a least cost generation dispatch 
model.  Five transmission development options have been studied over five Market Development 
Scenarios.  The benefits of each option have been compared with a minimal development plan, 
Option 0b.   

The option with the greatest benefit in terms of generation and transmission losses costs savings is 
Option 4, which includes the construction of a new 220 KV line from Roxburgh to Gore.  This option 
has a benefit of $17.6 million, NPV to 2010 at 7% discount rate. 

The next greatest benefit is obtained from Option 9, which involves the addition of two 220/110 
interconnectors at Gore, and series compensation of one North Makarewa to Three Mile Hill line.  
This has benefits of $11 million, calculated in the same way as those for Option 4.   Significant 
benefits are obtained for each of the five Market Development Scenarios. 

The Roxburgh 220/110 interconnecting transformer is likely to require replacement in the near future 
due to its deteriorating condition.  It has a capacity of 50 MVA.  Benefits for 100 and 150 MVA 
replacements have been compared.  For Option 9, a 150 MVA bank gives benefits $2.77 million 
greater than those obtained if a 100 MVA bank were to be installed, averaged over the five Market 
Development Scenarios.  The construction of additional wind generation in the area is a factor in the 
benefits of the larger size interconnector. 

For the prudent (higher) demands sensitivity study, the results showed a similar pattern for changes in 
dispatch and loss benefits.  Option 4 gave benefits of $73.5 million and Option 9 of $60.7 million. 

 

Table 6:  Loss and Generation Cost Benefits, with respect to 
Option 0b 

(Expected Demands, $m, NPV to 2010, 7% Discount Rate) 

Option Total Benefit 
Fuel, O&M, 

Shortfall 
Losses 

Do Nothing -82.0  -82.7  0.7  

4 17.6  4.1  13.5  

8 6.5  3.2  3.2  

9 11.0  0.9  10.1  

 

Table 7:  Dispatch Benefits of 150 MVA Roxburgh Interconnector 
Compared to 100 MVA  

(Expected Demand, $m, NPV to 2010, 7% Discount Rate) 

Option 9 8 4 0b 
Do 

Nothing 

Average over 
all 5 MDS 

cases 
2.77 0.44 0.44 0.30 0.70 
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2 Study Objective 

 

The objective of this study was to determine changes in the cost of transmission losses due to each of 
a number of transmission development options.  The effects of each option on transmission 
constraints, and hence on generation dispatch and shortfall costs, were also determined.  These 
studies were carried out for a range of hydrological conditions and consequently a wide range of 
generation dispatch options. 

 

3 Modelling Approach 

 

The Stochastic Dual Dynamic Programming (SDDP) hydro-thermal dispatch model has been used.  
This model calculates an optimal generation dispatch to meet the specified demand for electricity.  It 
is a stochastic model, simulating the effect of 74 hydrological inflow sequences for each year over the 
period 1 January 2010 to 31 December 2042.  A time step of one month has been used.  Loads are 
represented by a load duration approximation, consisting of five load categories. 

Generation dispatch and transmission line flows have been calculated using the SDDP data base set 
up for the Lower Waitaki upgrade investigation project.  This data base differs a little from that used 
for Lower South Island Renewables and Wairakei Ring projects in that some updating has been 
carried out for new generation plant commissioning prior to 2016. 

Some simplifications have been made to the SDDP modelling process to obtain a problem that can be 
more readily solved: 

 The transmission grid is modelled without explicit transmission line loss calculations within 

SDDP.  (HVDC link losses are modelled explicitly within the model as these have a significant 

effect on generation dispatch).   

 Capacity constraints are enforced only on the transmission lines in the area of the study.   

Line losses have been calculated outside the model, using the line flows calculated by SDDP and the 
corresponding line resistances.  Losses are valued at the South Island SRMC for the appropriate 
inflow sequence, month and load block. 

All values given are NPV to 2010 at 7% for the full modelled period of 1 January 2010 to 31 
December 2042. 

 

4 Demand 

Expected demand data has been used for the calculation of transmission system losses.  In contrast, 
need dates for the various upgrades are determined using prudent load forecasts, which are 
somewhat higher.  A sensitivity study for losses and dispatch costs has been carried out using the 
prudent load forecast. 

Covec Consultants prepared peak load forecasts for each Grid Exit Point (GXP) in the study area.  
The growth in peak load at each bus has been used to scale bus energy loads for this study.  Loads 
at each bus in the lower South Island area have then been specified month by month in the SDDP 
data base.  The remainder of the South Island load has been distributed over all the other grid exit 
points by assuming that load shapes remain unchanged into the future.  Total island demand for both 
North and South Islands is unchanged from that used for the Wairakei Ring, Lower Waitaki and Lower 
South Island Renewables studies. 

Bus loads have been specified in detail for the following points: 

Balclutha, Brydone, Cromwell, Clyde, Edendale, Frankton, Gore, Halfway Bush, Invercargill, North 
Makarewa, Naseby, Palmerston, South Dunedin and Tiwai. 
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Table 8:  Annual Bus Loads (GWh) 

 BAL110       BDE110       EDN110       GOR110       HWB110       INV220       NMA220       

2010 161.8 53.2 107.9 193.6 577.6 463.5 134.9 

2011 162.4 53.7 111.4 190.3 586.1 468.7 137.9 

2012 163.0 54.3 114.5 204.6 595.1 472.9 141.2 

2013 164.2 54.9 117.2 214.5 604.0 477.1 144.2 

2014 164.8 55.4 120.3 221.1 606.9 481.2 147.5 

2015 165.4 56.0 121.6 223.3 610.2 484.4 149.0 

2016 166.6 56.6 122.5 225.5 613.0 488.0 150.5 

2017 167.2 57.1 123.9 228.3 616.3 491.6 152.0 

2018 167.9 57.7 125.2 230.5 619.1 495.8 153.5 

2019 169.1 58.3 126.5 232.7 622.4 499.5 155.0 

2020 169.7 58.8 127.4 234.9 625.2 503.1 156.5 

2021 170.9 59.4 128.7 237.1 628.6 506.7 158.3 

2022 171.5 60.0 130.1 239.9 631.9 510.4 159.8 

2023 172.1 60.5 131.4 242.1 634.7 514.6 161.3 

2024 173.3 61.1 132.7 244.3 638.0 518.2 163.1 

2025 173.9 61.7 134.1 247.1 641.3 522.4 164.6 

2026 175.1 62.2 135.4 249.3 644.6 526.0 166.3 

2027 175.8 62.8 136.7 252.0 647.9 530.2 167.8 

2028 177.0 63.4 138.1 254.2 650.7 533.8 169.6 

2029 177.9 63.9 139.4 256.8 653.9 537.8 171.3 

2030 178.8 64.5 140.8 259.3 657.2 541.8 173.0 

2031 179.8 65.1 142.2 261.9 660.4 545.9 174.7 

2032 180.7 65.7 143.6 264.5 663.7 549.9 176.4 

2033 181.6 66.3 145.0 267.2 667.0 554.0 178.1 

2034 182.6 66.9 146.5 269.9 670.3 558.2 179.9 

2035 183.5 67.5 147.9 272.6 673.6 562.3 181.7 

2036 184.5 68.1 149.4 275.3 676.9 566.5 183.5 

2037 185.5 68.8 150.8 278.1 680.3 570.7 185.3 

2038 186.4 69.4 150.9 280.8 681.4 572.3 187.1 

2039 187.4 70.0 153.8 283.6 687.0 579.3 189.0 

2040 188.4 70.7 155.4 286.5 690.4 583.6 190.8 

2041 189.4 71.3 156.9 289.3 693.9 587.9 192.7 

2042 190.4 72.0 158.5 292.2 697.3 592.3 194.6 
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Table 9: Annual Bus Load Growth (%) 

 BAL110       BDE110       EDN110       GOR110       HWB110       INV220       NMA220       

2011 0.38 1.04 3.29 -1.70 1.47 1.12 2.24 

2012 0.38 1.06 2.79 7.54 1.53 0.89 2.37 

2013 0.74 1.05 2.31 4.85 1.51 0.88 2.14 

2014 0.37 1.04 2.65 3.09 0.47 0.87 2.27 

2015 0.36 1.02 1.11 0.99 0.54 0.65 1.02 

2016 0.74 1.00 0.74 0.99 0.47 0.75 1.01 

2017 0.36 1.00 1.09 1.22 0.53 0.75 1.01 

2018 0.36 0.99 1.07 0.97 0.46 0.85 0.99 

2019 0.73 0.97 1.05 0.95 0.53 0.73 0.98 

2020 0.35 0.96 0.70 0.95 0.45 0.73 0.97 

2021 0.72 0.97 1.04 0.94 0.53 0.72 1.12 

2022 0.35 0.95 1.04 1.16 0.52 0.72 0.96 

2023 0.36 0.95 1.03 0.92 0.44 0.82 0.94 

2024 0.71 0.93 1.00 0.91 0.52 0.71 1.09 

2025 0.35 0.92 1.01 1.13 0.52 0.80 0.93 

2026 0.70 0.92 0.99 0.89 0.52 0.70 1.07 

2027 0.35 0.90 0.98 1.10 0.51 0.79 0.91 

2028 0.69 0.91 0.97 0.88 0.44 0.69 1.05 

2029 0.53 0.92 1.00 1.00 0.49 0.75 0.99 

2030 0.52 0.90 0.98 1.00 0.50 0.74 0.99 

2031 0.53 0.93 0.99 1.00 0.49 0.75 0.99 

2032 0.52 0.90 0.99 1.00 0.50 0.75 0.98 

2033 0.52 0.92 0.99 1.00 0.50 0.75 0.99 

2034 0.52 0.92 0.99 1.00 0.49 0.75 0.98 

2035 0.53 0.91 0.98 1.00 0.50 0.75 1.00 

2036 0.53 0.91 0.99 1.00 0.49 0.75 0.99 

2037 0.51 0.91 0.99 1.00 0.49 0.74 0.99 

2038 0.53 0.92 0.03 1.00 0.17 0.28 0.99 

2039 0.52 0.91 1.96 1.00 0.82 1.22 0.99 

2040 0.52 0.91 0.98 1.00 0.49 0.75 0.98 

2041 0.52 0.92 1.00 1.00 0.50 0.74 0.99 

2042 0.53 0.90 0.99 1.00 0.49 0.74 0.99 

 

5 Lines Analysed 

While the complete 66, 110 and 220 kV systems are modelled within SDDP, losses have been 
calculated only for those lines for which power flows are likely to be affected by the development 
options.  Table 10 shows lines for which constraints were enforced, and losses calculated. 

 

Table 10:  Lines for which Constraints Enforced 

BAL-BWK-1 GOR-ROX-2 INV-ROX-1 NMA-TMH-2 

BAL-GOR-1 GOR-T1 INV-ROX-2 NMA-TWI-1 

BAL-ROX-1 GOR-T2 INV-TF-T1 NMA-TWI-2 

BDE-EDN-1 HWB-MHN-1 INV-TWI-1 ROX-HWT-1 

BDE-GOR-1 HWB-MHN-2 INV-TWI-2 ROX-HWT-2 

BWK-HWB-1 HWB-ROX-1 KWD-TMH-1 ROX-TF-T10 

EDN-INV-1 HWB-ROX-2 MAN-NMA-1 SDN-TMH-1 

GOR-KWD-1 HWB-SDN-1 MAN-NMA-2 ROX-TMH-1 

GOR-NMA-1 HWB-TF-T4 MAN-NMA-3 ROX-TMH-2 

GOR-NMA-2 HWB-TMH-1 MHN-ROX-1  

GOR-TMH-2 INV-MAN-2 MHN-ROX-2  

GOR-ROX-1 INV-NMA-1 NMA-TMH-1  
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6 Line Upgrades 

Line parameters are in percentage per unit terms, on a 100 MVA base 

Common to All Options 
Roxburgh interconnector upgrade has been assumed to be from the current 50 MVA rating to 100 
MVA.  A sensitivity using a 150 MVA upgrade has also been carried out 

Table 11:  Replacements and Upgrades of Existing Lines 

Line 
From 
Bus To Bus R X 

Summer 
MVA Winter MVA 

ROX-TF-T10   (1)   0.200 10.000 100.0 100.0 

INV-TF-T1       (1)   0.200 10.000 100.0 100.0 

HWB-TF-T4     (2)   0.120 6.520 150.0 150.0 

HWB-MHN-1   (3)   6.47697 15.19384 92.0 101.0 

HWB-MHN-2   6.47697 15.19384 92.0 101.0 

ROX-HWT-1    (4) HWT220 ROX220 0.27960 2.53160 192 232 

ROX-HWT-2 HWT220 ROX220 0.27960 2.53160 192 232 

HWT-TMH-1 HWT220 TMH220 0.41940 3.79740 192 232 

HWT-TMH-2 HWT220 TMH220 0.41940 3.79740 192 232 

HWT-HWF-1 HWF220 HWT220 0.10000 0.10000 400 500 

MHN-ROX-1    (5) MHN110 ROX110 12.573 29.494 63.0 77.4 

MHN-ROX-2 MHN110 ROX110 12.573 29.494 63.0 77.4 

HWB-MHN-1 HWB110 MHN110 6.477 15.194 63.0 77.4 

HWB-MHN-2 HWB110 MHN110 6.477 15.194 63.0 77.4 

GOR-NMA-1    (6) GORA220 NMA220 0.7225 4.4045 252.3 252.3 

GOR-KWD-1 GORA220 KWD220 0.2779 1.6940 252.3 252.3 

KWD-TMH-1    (7) KWD220 TMH220 1.7506 10.6724 252.3 252.3 

GOR-NMA-2 GORB220 NMA220 0.7225 4.4045 252.3 252.3 

GOR-TMH-2 GORB220 TMH220 2.0285 12.3665 252.3 252.3 

(1)  Commissions 1/5/2013 
(2)  Commissions 1/5/2015 
(3) Thermal upgrade 1/5/2012 
(4) Hayes wind farm T off on both ROX-TMH 220 KV lines 
(5) Mahinerangi wind farm T off on both ROX-HWB 110 kV lines 
(6) Both NMA-TMH lines modelled with separate 220 KV busses at GOR for all cases to permit 
comparisons of line flows and losses. 
(7) Kaiwera Downs and Slope Down wind farms T off on one NMA-TMH 220 KV line, between GOR and 
TMH 

Do Nothing 
No new or upgraded lines, apart from those common to all options (Table 11). 

Option 0B 
This has been treated as the base case option with the minimal development. 

Table 12: Option 0b - New Lines 

Line From Bus To Bus R X 
Summer 

MVA 
Winter 
MVA 

Date 

GOR-T1 GOR110 GORA220 0.20 10.0 100.0 100.0 1/5/2027 

GOR-T2 GOR110 GORA220 0.20 10.0 100.0 100.0 1/5/2027 
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Option 4 

Table 13: Option 4 - New Lines 

Line From Bus To Bus R X 
Summer 

MVA 
Winter 
MVA 

Date 

GOR-T1 GOR110 GORA220 0.2000 10.0000 100.0 100.0 1/05/2017 

GOR-ROX-2 GORA220 ROX220 1.1777 7.1488 252.3 252.3 1/05/2017 

BAL-ROX-1 BAL110 ROX110 27.870 57.885 50.7 61.9 1/05/2017 

 
Decommissioned lines: 
 GOR-ROX-1, BAL-GOR-1 in 2017 

Option 8 

Table 14: Option 8 - New Lines 

Line From Bus To Bus R X 
Summer 

MVA 
Winter 
MVA 

Date 

GOR-T1 GOR110 GORA220 0.20 10.0 100.0 100.0 1/5/2014 

GOR-T2 GOR110 GORA220 0.20 10.0 100.0 100.0 1/5/2028 

BAL-ROX-1 BAL110 ROX110 27.867 57.885 50.7 61.9 1/5/2028 

 

Table 15: Option 8 ï Modifications to Lines 

Line From Bus To Bus R X 
Summer 

MVA 
Winter 
MVA 

Date 

GOR-TMH-2 (1) GORB220 TMH220 2.02846 0.62679 252.3 252.3 1/5/2018 

(1) Series capacitors, 70% compensation 

Decommissioned lines: 
 GOR-ROX-1, BAL-GOR-1 in 2028 

Option 9 

Table 16: Option 9 - New Lines 

Line From Bus To Bus R X 
Summer 

MVA 
Winter 
MVA 

Date 

GOR-T1 GOR110 GORA220 0.1207 6.5227 150.0 150.0 1/05/2014 

GOR-T2 GOR110 GORB220 0.1207 6.5227 150.0 150.0 1/05/2014 

BAL-ROX-1 BAL110 ROX110 27.870 57.885 50.7 61.9 1/05/2014 

 

Table 17: Option 9 ï Modifications to Lines 

Line From Bus To Bus R X 
Summer 

MVA 
Winter 
MVA 

Date 

GOR-TMH-2 (1) GORB220 TMH220 2.02846 3.98098 252.3 252.3 1/05/2015 

GOR-TMH-2 (2) GORB220 TMH220 2.02846 0.63046 252.3 252.3 1/05/2022 

(1) Series capacitors, 50% compensation 

(2) Series capacitors, 70% compensation 

Decommissioned lines: 
 GOR-ROX-1, BAL-GOR-1 in 2014 
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7 Modelling of Lines with Series Capacitors 

 

Lines with series capacitors are operated with the capacitors in service only when power is flowing in 
one direction.  The capacitors are bypassed when power flows in the opposite direction.  SDDP is not 
able to model this switching action directly.   To represent this aspect, two studies are carried out ï 
one with the capacitors in service, and the other with the original uncompensated line reactance.  The 
resulting line flows are then merged by selecting the results corresponding to the correct system 
configuration for the particular direction of power flow in each instance.  

 

8 Generation Market Development Scenarios 

Five scenarios for generation development have been considered.  The key features of each scenario 
are as specified in the Electricity Commissionôs 2008 Statement of Opportunities (SoO).   

MDS1 ï Sustainable path option, major thermal stations close and are replaced by hydro, wind and 
geothermal backed by thermal peakers for security of supply.  Electric vehicle uptake is rapid after 
2020. 

MDS2 ï Renewable development proceeds at a slightly more moderate pace.  Wind and hydro 
generation increase considerably, particularly in the lower South Island.  Relatively little geothermal 
energy is utilised.  Thermal peakers supplement renewable development. 

MDS3 ï Renewables are developed in both islands, with North Island geothermal playing a major 
role.  Thermal peakers and a new combined cycle gas turbine supplement renewable generation.  
Tiwai smelter decommissions in stages from 2023 to 2028 

MDS4 ï Demand side participation becomes more important.  Electric vehicle uptake is high.  New 
coal and lignite fired plants are built after 2020.  Geothermal resources are developed.  Little new 
hydro can be developed and the output of some existing plants is reduced due to water rights issues. 

MDS5 ï High gas discoveries keep gas prices low to 2030 and beyond.  New CCGTs and gas fired 
peakers are built.  The most cost effective renewable are constructed. 
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Table 18:  Generation Plant Commissioning Program - South Island Only 

 MDS1  MDS2  MDS3  MDS4  MDS5  

 Year  MW  MW  MW  MW  MW 

2011 Lake Mahinerangi 40 Lake Mahinerangi 40 Lake Mahinerangi 40 Lake Mahinerangi 40 Lake Mahinerangi 40 

   White Hill 2 14   White Hill 2 14    

2012 Manapouri Discharge 75 
Manapouri 
Discharge 

75 Hawea Gates 17 
Manapouri 
Discharge 

75 Hawea Gates 17 

     White Hill 2 14   
Manapouri 
Discharge 

75 

     
Manapouri 
Discharge 

75   Cass 55 

2013 Dobson 46 Hawea Gates 17   Hawea Gates 17 Dobson 46 

    Kaiwera Downs 240     White Hill 2 14 

2014 Hawea Gates 17 Mohikinui 85 Mohikinui 85     

2015 Lake Mahinerangi 133 Dobson 46 Dobson 46     

 Toharoa 25 Lake Mahinerangi 200       

 Mohikinui 85 Kaiwera Downs 280         

   Hayes 1 327         

2016     North Bank Tunnel 280 Cass 55   

2017 North Bank Tunnel 280     Mohikinui 85 North Bank Tunnel 280 

2018   North Bank Tunnel 280   North Bank Tunnel 280   

2020 Pukaki 45 Pukaki 2 Pukaki 45 Pukaki 45 Pukaki 45 

 Queensberry 134 Beaumont 185 Queensberry 61 Luggate 9 Queensberry 29 

2021 Queensberry 160 Pukaki 45   Luggate 86 Queensberry 116 

2022 Luggate 20 Queensberry 1.5   Te Anau Gates 8 Queensberry 151 

2023 Luggate 24 Queensberry 27   Te Anau Gates 32 Luggate 36 

         Queensberry 160 

2024 Luggate 40 Queensberry 56     Luggate 48 

2025 WC Coal Seam 43 WC Coal Seam 50   WC Coal Seam 46 Luggate 61 

   Queensberry 84       
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Table 18 (continued):  Generation Plant Commissioning Program - South Island Only 

 MDS1  MDS2  MDS3  MDS4  MDS5  

Year  MW  MW  MW  MW  MW 

2026 Luggate 76 Queensberry 102   Te Anau Gates 40 Luggate 75 

 WC Coal Seam 50     WC Coal Seam 50   

2027   Queensberry 160     Luggate 86 

         WC Coal Seam 6 

2028   Luggate 20     WC Coal Seam 30 

2029   Luggate 62     Mohikinui 4 

         WC Coal Seam 50 

2030 Luggate 86         

2031         Mohikinui 50 

2032 Tuapeka 350       Mohikinui 71 

2034       Lake Mahinerangi 71 Te Anau Gates 40 

         Mohikinui 85 

2035 Te Anau Gates 40     Lake Mahinerangi 120   

 Clarence 59         

2036 Clarence 70         

2037       Lake Mahinerangi 180   

2038     WC Coal Seam 29     

2040       Lake Mahinerangi 200 Lake Mahinerangi 120 

2041       Hayes 108 Lake Mahinerangi 193 

2042 Kakapotahi 17     Buller Coal 10 Wairau 23 

       Hayes 200 Lake Mahinerangi 200 
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9 Results ï Expected Demands 

9.1 Comparison of Transmission Upgrade Options 

Table 19 summarises the effects of each transmission upgrade option on losses, and constraints.  
Constraints result in higher fuel, variable O&M and shortfall costs.  Losses are valued at the 
appropriate SRMC.  The cost of supplying losses is not included in the fuel costs here ï loss costs 
have been separately costed.  Therefore all three components of the benefits are added to obtain the 
total benefit of each option. 

Option 4 shows significant loss benefits, due to the new GOR-ROX 220 line commissioning in 2017.  
The effect on total loss costs can be seen in Figure 4, where the line for this option shifts at this point 
to below that for the other options.   

All options except the Do Nothing case commission a 220/110 interconnection at Gore at some time.  
Option 9 has a higher loss benefit than Option 8 because two interconnectors are commissioned at 
the relatively early date of 2014. 

Loss benefits for Option 9 are shown separately in Table 20 for each Market Development Scenario.  
This shows that significant benefits occur for each scenario, indicating that the result is robust for a 
range of possible generation development patterns. 

Table 19:  Loss, Fuel, O&M and Shortfall Cost Benefits, with respect to Option 0b  

(Expected Demands, $m, NPV to 2010, 7% Discount Rate) 

Option Total Benefit Fuel, O&M Shortfall Losses 

Do Nothing -82.0  -72.3  -10.4  0.7  

4 17.6  3.1  1.0  13.5  

8 6.5  2.2  1.0  3.2  

9 11.0  -0.1  1.0  10.1  

 

Table 20:  Loss Benefits 
of Option 9, Relative to 
Option 0b ($m NPV, 7% 
Discount Rate) 

MDS Benefit 

1 10.8 

2 13.0 

3 9.3 

4 9.8 

5 7.7 

Average 10.1 
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Figure 4:  Annual Cost of losses, averaged over all scenarios 

9.2 Roxburgh Interconnecting Transformer 

The existing Roxburgh T10 220/110 kV interconnecting transformer has a capacity of 50 MVA.  It is 
due to be replaced in 2013 due to its age and deteriorating condition.  Studies were carried out to 
compare generation dispatch costs corresponding to replacement transformers with both 100 MVA 
and 150 MVA capacities.  The effect of the alternative sizes on dispatch costs are shown in Table 16. 

The larger 150 MVA interconnector gives a significant benefit for each transmission development 
option for MDS 2.  This Market Development Scenario includes more generation development in the 
lower South Island than the others ï Lake Mahinerangi, Kaiwera Downs and Hayes wind farms (see 
Table 18).  A 200 MW Lake Mahinerangi wind farm is modelled as connected to the Roxburgh ï 
Halfway Bush 110 kV lines for MDS 2, and 133 MW from the same wind farm for MDS 1.  All 
scenarios have the first 40 MW of Lake Mahinerangi commissioning in 2011.  The other two wind 
farms in MDS 2 are connected to 220 kV lines.   

Figure 5, Figure 6 and Figure 7 are cumulative distribution plots of T10 interconnector power flows.  
Each line on a plot represents the distribution of power flows over one calendar year for all load 
blocks, months and hydrological sequences simulated.  These plots show a change in the distribution 
of power flows beginning in 2015 when additional capacity at Lake Mahinerangi commissions in MDS 
1 and 2.  Overloading of the 100 MVA interconnector is clearly shown in MDS 2, for negative power 
flows.  Figure 6 shows that 150 MVA capacity is adequate to avoid overloading. 

MDS 3 shows a large benefit for the larger 150 MVA Roxburgh interconnector, especially after 2026.  
In this scenario, the Tiwai smelter shuts down in stages, resulting in larger northward power flows. 
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Table 21:  Dispatch Benefits of 150 MVA Roxburgh Interconnector 
Compared to 100 MVA  

(Expected Demand, $m, NPV to 2010, 7% Discount Rate) 

Option 9 8 4 0b 
Do 

Nothing 

mds1 0.05 0.02 -0.16 0.00 -0.05 

mds2 3.40 2.01 2.23 0.57 2.82 

mds3 10.49 0.04 0.00 0.91 0.64 

mds4 -0.08 0.08 0.09 0.01 0.00 

mds5 -0.03 0.05 0.04 0.01 0.06 

Average 2.77 0.44 0.44 0.30 0.70 

 

 
Figure 5:  Roxburgh Interconnector Power Flow - MDS1, Option 9 

 

 
Figure 6:  Roxburgh Interconnector Power Flow ï MDS2, Option 9 
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Figure 7:  Roxburgh Interconnector Power Flow ï MDS2, Option 9, with 150 MVA capacity installation 

9.3 Group  Constraints 

Group constraints can be used to ensure that in the event of one line tripping, a parallel line will not 
become overloaded.  For example, in some situations the 110 KV lines provide a path parallel to the 
220 KV lines between Invercargill and Roxburgh.  A constraint is required to ensure that the 110 KV 
system will not overload in the event of an INV-ROX line tripping. 

The only significant group constraint active is in the Do Nothing and 0b options, MDS 3, from about 
2024.  By that time, Tiwai load has reduced from a maximum of 634 MW down to 414 MW.  The 
active constraint is that for north flow, constraining the INV-EDN and INV-ROX lines to avoid 
overloading in the event of an INV-ROX line trip.  This group constraint does not apply once the 
GOR-ROX and BAL-GOR lines are re-connected to form a BAL-ROX line which bypasses Gore.  
Through power flows from Invercargill to Roxburgh via the 110 KV network are then no longer 
possible. 

9.4 Line Constraints 

No significant line constraints occur for any development option or scenario, for expected demands, 
except for the Roxburgh T10 interconnector, in cases with 100 MVA, rather than 150 MVA.   

9.5 Effects of Series Capacitors 

Option 9 involves the series compensation of the Gore ï Three Mile Hill section of the North 
Makarewa to Three Mile Hill 220 KV line.  Compensation is provided on only one of the two lines to 
allow the connection of wind farms to the other parallel line.  50% series compensation is installed in 
2015, and this is increased to 70% in 2022.  Figure 8 is a cummulative distribution plot for line flows 
for the situation without compensation.  Figure 9 shows the effect ofadding the  compensation in two 
stages.   

Positive flows are in the northward direction, when the capacitors are switched out.  These flows can 
be seen to be unchanged between the two cases shown here.   

These plots show  how the southward (negative) line flows are increased by the compensation, as 
expected.  Flows fall into three groups in Figure 9.  The first group is for the period prior to 2015 when 
there is no compensation ï line flows are less than approximately 110 MW.  When 50% 
compensation is installed, flows increase up to around 180 MW, and then the final stage of 
compensation to 70% gives flows up to the full line capacity of 240 MW. 
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Figure 8 : Gore - Three Mile Hill line without series compensation - Line Capacity 240 MW. 

 

 

Figure 9 : Gore - Three Mile Hill line with 50% series compensation from 2015, 70% from 2022. 
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