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Executive summary 

Voltage transformers (VTs) are high voltage equipment whose primary purpose to accurately transform main 

system voltage levels to the range that is useable by secondary systems equipment as per stipulated Australian 

Standards. This is essential for the control and protection of the high voltage network and revenue metering. The 

majority of VTs are either Magnetic VT (MVT) or Capacitive VT (CVT) construction types.  

MVTs and CVTs approaching end of life present an increased risk of failure, causing unplanned network outages, 

with potential catastrophic failure resulting in safety and environmental hazards.  174 VT projects (448 units 

including 45 oil filled MVTs and 403 CVTs) have been identified as requiring consideration to assess the identified 

risk for implementation in the 2023 – 2028 regulatory period under this need. As such this is an economic benefits 

need.  

The assessment of the options considered to address this identified need appears in Table 1. The result is that 97 

(284 units) voltage transformer projects have been selected to be included in the program based on the option 

meeting following criteria: 

> Meets the need, 

> Is technically feasible, 

> Has a positive net present value, 

> The optimal project timing is earlier than the end of the 2023 – 2028 regulatory period. 

 

The remaining 77 voltage transformer projects (164 units) evaluated do not meet the above criteria and are not 

included in the proposed renewal program under this need. The option evaluation summary for the recommended 

97 voltage transformer replacement projects (284 units) is shown in Table 1.  

Table 1 - Evaluated options ($ million) 

Option Description Direct 
capital cost  

Network and 
corporate 
overheads  

Total capital 
cost

1
  

Weighted 
NPV  

Rank 

Option A Replace with conventional 

voltage transformer 

11.97 2.95 14.92 34.61 1 

 

It is recommended to proceed with implementing the replacement program comprising 97 voltage transformer 

projects (284 units) with a total program cost of $14.92 million. The detailed breakdown of option evaluation for 

each project is provided in Appendix B. 

 

 

 

 

  

                                                      

1 Total capital cost is the sum of the direct capital cost and network and corporate overheads. Total capital cost is used in this OER for all analysis. 
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1. Need/opportunity 

Existing network VTs are comprised of either magnetic voltage transformer (MVT), capacitive voltage transformer 

(CVT) and used to transform high voltage to low voltage. MVTs are further classified as oil insulated, SF6 gas 

insulated or cast resin insulated. Out of these technologies oil-filled MVTs and CVTs possess risk of explosive 

failures and therefore has been assessed through application of the Network Asset Risk Assessment Methodology 

as follows: 

> Voltage transformer health index scores are calculated based on condition data including age and condition 

monitoring data and type issues.  

> Health index scores are mapped to an effective age 

> Voltage transformers are assigned an individual probability of failure based on its individual effective age 

> Consequences of a voltage transformer failure and the likelihood of the consequences occurring are calculated 

based on network criticality, public and worker safety risk exposure, environmental risk and financial risk for 

each asset. 

> The consequence and probability of failure are combined to determine the annual economic risk cost for each 

voltage transformer for use in the evaluation for the renewal of voltage transformers in each bay. 

> VTs are referred to as single phase assets. Each project comprise voltage transformers selected in this bay for 

the need, total project cost comprises of all VTs replacements in a bay (typically three phase or single phase).  

 

There are 448 voltage transformers (comprised of 45 MVTs and 403 CVTs) nearing end of life by the end of the 

2023-2028 regulatory period and have been included in this option evaluation report for consideration of 

replacement. The key economic benefits associated with addressing this need are summarised as:  

> Reduction of risk valued as a direct impact to Transgrid and consumers including: 

- Impact of expected unserved energy; 

- Safety and environmental hazards associated with a catastrophic failure. 

2. Related needs/opportunities 

Assets considered within this VT renewal program (need N2348) have also been considered for renewal or 

removal under the following need: 

> N2534 - Southern NSW fault level increase program –Wagga 330kV VTs 

> 2145    - Southern NSW improve voltage control –Kemps Creek SVC bay  

These needs have been reconciled to ensure no duplication within the final replacement programs.    

3. Options 

3.1 Base case 

Under the ‘Base Case’ no renewal strategy is implemented for the assets evaluated under this need. This is a ‘run 

to fail’ scenario and will lead to an increase in the identified risks under this need, the eventual failure of the assets 

and the realisation of the expected consequences. This case shall only be considered as a last resort should no 

option be deemed viable through the NPV evaluation process. 

3.2 Options evaluated 

Option A — Replace with conventional VT [NOSA N2348, OFS N2348A]   

This option considers the replacement of existing VTs with a new unit.    
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Of the 448 voltage transformers in this need all are evaluated under Option A. Option A fully addresses the 

identified need by installation of a new voltage transformer with very low probability of failure and associated risk 

cost. The replacement costs under Option A for each project within this program are included in Appendix B, with 

an expected duration of 1 year for each project. 

Replacement work may include the following: 

> High voltage and civil design work 

> Secondary system design work 

> Plant procurement and transportation 

> Civil work (e.g.: footing replacement or modifications as required) 

> Site work and commissioning  

3.3 Options considered and not progressed 

The following options were considered but not progressed: 

Table 2- Other options considered 

Option Reason for not progressing 

Non-conventional 

VTs 

The trial for non-conventional VTs (e.g. fibre optic based measuring technologies) are 

underway under existing need 1578. The trial is demonstrating that the replacement costs 

with this technology is much higher than conventional VTs and therefore it is not 

economically feasible to include as part of this replacement program.    

Increased 

maintenance or 

inspections 

The condition issues have already been identified and cannot be rectified through increased 

maintenance or inspections, and therefore are not technically feasible to address the need. 

Elimination of all 

associated risk 

This can only be achieved by retiring the assets, which is not technically feasible due to the 

requirement to maintain the existing network reliability. 

Non-network 

solutions 

It is not technically feasible for non-network solutions to provide the functionality of the 

equipment under this need.  

 

4. Evaluation 

4.1 Commercial evaluation methodology 

The economic assessment undertaken for this project includes three scenarios that reflect a central set 

assumptions based on current information that is most likely to eventuate (central scenario), a set of assumptions 

that give rise to a lower bound for net benefits (lower bound scenario), and a set of assumptions that give rise to an 

upper bound on benefits (higher bound scenario).  

Assumptions for each scenario are set out in the table below. 

 

 

Table 3 - Scenario assumptions 

Parameter Central scenario Lower bound Higher bound 
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scenario scenario 

Discount rate 4.8% 7.37% 2.23% 

Capital cost 100% 125% 75% 

Operating expenditure benefit Not applicable in this need 

Risk cost benefits 100% 75% 125% 

Other Benefits Not applicable in this need 

Scenario weighting 50% 25% 25% 

 

Parameters used in this commercial evaluation:  

Table 4 - Commercial evaluation parameters 

Parameter Parameter Description Value used for this evaluation 

Discount year Year that dollar values are discounted to 2020/21 

Base year The year that dollar value outputs are 

expressed in real terms 

2020/21 dollars 

Period of analysis Number of years included in economic 

analysis with remaining capital value 

included as terminal value at the end of 

the analysis period.   

 25 years substations 

 

ALARP 

disproportionality  

Multiplier of the environmental and safety 

related risk cost included in NPV analysis 

to demonstrate implementation of 

obligation to reduce to ALARP.  

Refer to section 4.3 for details.  

The capex figures in this OER do not include any real cost escalation.  

 

4.2 Commercial evaluation results 

174 voltage transformer projects (448 units) have been evaluated for implementation in the 2023 – 2028 regulatory 

period under this need.  The result is that 97 voltage transformer projects (284 units) have been selected to be 

included in the program. The commercial evaluation of the technically feasible options is set out in Table 5, 

showing 97 projects where the highest ranked option for each evaluated project: 

> Meets the need, 

> Is technically feasible, 

> Has a positive net present value, 

> Provides the highest net present value of each option evaluated, 

> Optimal project timing is earlier than the end of the 2023 – 2028 regulatory period. 
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Table 5 - Commercial evaluation ($ million) 

Option Capital 
Cost PV 

Central scenario 
NPV 

Lower bound 
scenario 

NPV 

Higher bound 
scenario NPV 

Weighted 
NPV 

Ranking 

Option A 10.75 26.72 6.55 67.19 31.80 1 

4.3 ALARP evaluation 

TransGrid manages and mitigates bushfire and safety risk to ensure they are below risk tolerance levels or ‘As Low 

As Reasonably Practicable’ (‘ALARP’), in accordance with the regulation obligations and TransGrid’s business risk 

appetite. Under the Electricity Supply (Safety and Network Management) Regulation 2014 Section 5 ‘A network 

operator must take all reasonable steps to ensure that the design, construction, commissioning, operation and 

decommissioning of its network (or any part of its network) is safe.’  TransGrid maintains an Electricity Network 

Safety Management System (ENSMS) to meet this obligation.
2
 

In its Network Risk Assessment Methodology, under the ALARP test with the application of a gross 

disproportionate factor
3
, the weighted benefits are expected to exceed the cost. TransGrid’s analysis concludes 

that the costs are less than the weighted benefits from mitigating bushfire and safety risks. The proposed 

investment will enable TransGrid to continue to manage and operate this part of the network to a safety and risk 

mitigation level of ALARP. 

Evaluation of the above options has been completed in accordance with As Low As Reasonably Practicable 

(ALARP) obligations. The Network Safety Risk Reduction is calculated as 6 x Bushfire Risk Reduction + 3 x other 

Environmental Risks + 3 or 6 x Safety Risk Reduction + 0.1 x Reliability Risk Reduction. 

 
Results of the ALARP evaluation are set out in Table 6. 

Table 6 - Reasonably practicable test ($ million) 

Option Network Safety Risk Reduction Annualised Capex Reasonably Practicable?
4
 

A 0.61 0.42 Y (48 VT projects) 

 

4.4 Preferred option 

The list of the projects and options for each of the 174 VT replacement projects (448 units) evaluated are included 

in Appendix B This criteria results in 97 voltage transformer replacement projects (284 units) that are 

recommended to be progressed at a total program cost of $14.92 million under this need.  

Replacement of a voltage transformer under the preferred option fully meets the need by achieving the risk 

reduction outlined in Section 3. The remaining 77 voltage transformer projects (164 units) evaluated do not meet 

this criteria and are not recommended to be replaced under this need. 

                                                      

2    TransGrid’s ENSMS follows the International Organization for Standardization’s ISO31000 risk management framework which requires following hierarchy of 
hazard mitigation approach 

3    The values of the disproportionality factors were determined through a review of practises and legal interpretations across multiple industries, with particular 
reference to the works of the UK Health and Safety Executive. The methodology used to determine the disproportionality factors in this document is in line with 
the principles and examples presented in the AER Replacement Planning Guidelines and is consistent with TransGrid’s Revised Revenue Proposal 2023/24- 
2027/28. 

4  Reasonably practicable is defined as whether the annualised CAPEX is less than the Network Safety Risk Reduction. 
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Capital and Operating Expenditure 

Opex cost benefits associated avoided corrective expenditure has been allowed for in the business case NPV and 

optimal timing evaluation. There are no capex to opex trade-offs considered in this evaluation. 

Regulatory Investment Test 

The program and estimate allows for the appropriate regulatory approvals as required. 

5. Optimal Timing 

The test for optimal timing of the preferred option has been undertaken. The approach taken is to identify the 

optimal commissioning year for the preferred option where net benefits (including avoided costs and safety 

disproportionality tests) of the preferred option exceeds the annualised costs of the option. 

The results of optimal timing analysis for each voltage transformer project within the program is included in 

Appendix B. 

This OER recommends progressing only positive business cases which are optimally time before the end of the 

2023-2028 regulatory period, hence all projects are evaluated for benefit in the final year of the period. 

> Evaluation commissioning year: 2027/28  

> Commissioning year annual benefit: $2.2 million 

> Annualised cost: $0.80 million 

6. Recommendation 

It is recommended to proceed with implementing 97 voltage transformer replacement projects (284 units) at a total 

program cost of $14.92 million.  

This program amount includes an allowance of $3.2 million to progress the project from Decision Gate 1 (DG1) to 

Decision Gate 2 (DG2).   

The list of the 97 recommended VT replacement projects are included in Appendix C. 
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Appendix A - Option Summaries  

Project Summary: N2348 Program - VTs OER Option A, Optimally Timed and NPV Positive 

Option Rank 1 
Investment Assessment 
Period 

25 

Asset Life  40 NPV Year 2021 

Economic Evaluation 

NPV @ Central Benefit Scenario 
26.72 

Annualised CAPEX @ 
Central Benefit Scenario 
($million) 

0.80 
(PV, $million) 

NPV @ Lower Bound Scenario 
6.55 

Network Safety Risk 
Reduction ($million) 

1.06 
(PV, $million) 

NPV @ Higher Bound Scenario 
67.19 ALARP Program-See Appendix B 

(PV, $million) 

NPV Weighted (PV, $million) 31.80 Optimal Timing Program-See Appendix B  

Cost  

Direct Capex ($million) 11.97 
Network and Corporate 
Overheads ($million) 

2.95 

Total Capex ($million) 14.92 Cost Capex (PV,$ million) 10.75 

Terminal Value ($million) 5.22 
Terminal Value (PV,$ 
million) 

1.17 

Risk  Pre Post Benefit 

Reliability (PV,$ million) 
Reliability Risk (Pre) Reliability Risk (Post) Pre – Post 

15.98 0.45  15.53 

Financial (PV,$ million) 
Financial Risk (Pre) Financial Risk (Post) Pre – Post 

1.70 0.05  1.65 

Operational/Compliance (PV,$ 
million) 

Operational Risk (Pre) Operational Risk (Post) Pre – Post 

0.00 0.00  0.00 

Safety (PV,$ million) 
Safety Risk (Pre) Safety Risk (Post) Pre – Post 

12.83 0.41    12.42 

Environmental (PV,$ million) 
Environmental Risk (Pre) Environmental Risk (Post) Pre – Post 

4.26 0.13                     4.13 

Reputational ($ million) 
Reputational Risk (Pre) Reputational Risk (Post) Pre – Post 

5.16 0.16  5.00 

Total Risk (PV,$ million) 
Total Risk (Pre) Total Risk (Post) Pre – Post 

39.93 1.20      38.73 

OPEX Benefit (PV,$ million) 
OPEX Benefit 

0.00 

Other benefit (PV,$ million) 
Incremental Net Benefit 

0.00 

Total Benefit (PV,$ million) 

Business Case Total 
Benefit 

38.73 
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