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Executive summary

High voltage disconnectors and associated earth switches have an important role of providing visible isolation and
to earth a section of high voltage network for switching and isolation purpose. Disconnectors and earth switches
(hereinafter referred to as disconnectors) are required in the network to facilitate maintenance of other HV
equipment like circuit breakers (CB) and transformers.

Disconnectors are approaching end of life and present an increased risk of failure, causing unplanned network
outages and increased corrective maintenance costs. 586 disconnectors have been identified as approaching end
of life and requiring consideration of risk reduction measures for implementation in the 2023 — 2028 regulatory
period. Out of 586 units, 301 disconnectors have been assessed for only one option (216 only for replacement and
85 only for refurbishment) and the remaining 285 units have been assessed for both replacement and
refurbishment options.

This need is an economic benefits need with the following expected benefits:

> Reduction of risk valued as a direct impact to TransGrid and consumers of expected unserved energy;
> Avoided operating expenditure related to corrective maintenance.

The assessment of the options considered to address this identified need appears in Table 1. The result is that 201
disconnectors have been found optimally timed for renewal (162 replacement and 39 refurbishment) in the 2023 —
2028 regulatory period meeting following criteria:

Meets the need,

Is technically feasible,

Has a positive net present value,

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

vV V V V V

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

The remaining 382 disconnectors evaluated do not meet this criteria and are not recommended to be replaced
under this need. The option evaluation summary for the recommended 201 disconnectors with their associated
earth switches renewal projects under this need is shown in Table 1.

Table 1 - Evaluated options ($ million) — Summary

Description Direct Network and Total Weighted | Rank

capital corporate capital NPV
cost overheads cost’

Projects where Option A — Replacement is the highest ranked option (162 units- 94 units with two
options and 68 units with one option)

Option A Replacement of disconnectors $22.19 $7.22 $29.41 | $1305.80 1

Option B Refurbishment of disconnectors $2.87 $0.93 $3.80 $359.65 2

Projects where Option B — Refurbishment is the highest ranked option (39 units with only one option)

Option A Replacement of disconnectors Replacement option is not evaluated for this disconnectors

! 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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Option B Refurbishment of disconnectors $1.25 $0.42 $1.67 41.41 1

It is recommended to proceed with implementing the renewal program comprising 201 disconnectors with their
associated earth switches with a total program cost of $31.07 million. The detailed breakdown of option evaluation
for each project is provided in Appendix B.

1.  Need/opportunity

There are 5180 disconnectors and earth switches installed in TransGrid’s network. Of this population, 30% will be
over the nominal expected life 40 years by 2027/28. With such a large ageing population, a strategic approach is
required to plan investments over the coming years to manage these assets effectively and efficiently.

The disconnectors considered for renewal under this need are older disconnectors that have already reached their
end of life. The following inputs are considered in decision making for end of life renewal:

Age

Selective condition assessments (completed under need N2314)

Location based corrosive versus non-corrosive

Known type issues and site issues

Defect data with consideration of accuracy and cost of defects

vV V V V V V

Engineering assessment and field staff's experience of working with these disconnectors

The scope of the condition assessments (N2314) included a sample of disconnectors which will be over 40 years of
age by 2027/28. They are ALM, Essantee, ASEA and Stanger type disconnectors at various voltage levels, which
are common types in TransGrid’s network. Based on the condition assessment of sample disconnectors, the scope
and cost estimates for refurbishment were determined. A life extension of 10 years is expected from a disconnector
refurbishment.

Disconnectors are required for isolation of network elements to perform the required routine and corrective
maintenance. Due to ageing and in combination with corrosive atmosphere these disconnectors and earth switches
often fail or have difficulty in performing their required function of opening or closing. The failure of the disconnector
is expected to result in additional equipment outages to isolate the failed disconnector for repair. In case of bus
disconnectors this results in additional significant outage due to isolation of all other services from the affective bus
bar.

The associated outages are expected to disrupt customer and distributor supplies and increase in corrective
maintenance for repairs.

This need is an economic benefits need with the following expected benefits:

> Reduction of risk valued as a direct impact to TransGrid and consumers of expected unserved energy;
>  Avoided operating expenditure related to corrective maintenance.

2. Related needs/opportunities

Assets considered within this disconnector renewal program (need N2349) include disconnectors and their
associated earth switches which are also considered under need N2534 — Southern NSW fault level increase
Program. These needs have been reconciled to ensure no duplication within the final replacement programs.
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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.

Increased operating and maintenance activity costs are included as an opex cost against the assets. This
increased cost is modelled based on historical breakdown (corrective) repair costs and represents an avoided
operating cost increase benefit when mitigated through renewal.

3.2 Options Evaluated

There are two options to address the identified and evaluated for this need: replacement and refurbishment. The
options have been evaluated for the 586 disconnectors identified as approaching end of life based on the following:

> 501 disconnectors are evaluated for replacement

— 216 of these are considered only for replacement and not refurbishment. This is because they will be 55 or
older by year 2027/28 and refurbishment is unlikely to provide 10 or more years of life extension for these
disconnectors.

— 285 are considered for replacement or refurbishment to ensure optimal economic assessment

> 85 are only evaluated for refurbishment, being in 41-50 years age group and are expected to improve condition
after refurbishment and avoid investment in replacement.

The scope of the refurbishment and replacement options is outlined below.

Option A — Replacement [NOSA 2349A, OFS 2349A]

This option considers the replacement of an existing disconnector and associated earth switch with a new unit.

Option A fully addresses the identified need by installation of a new disconnector and associated earth switches
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)

vV V V V V

Site work and commissioning

Option B — Refurbishment [NOSA 2349B, OFS N2314]

This option considers the refurbishment of an aged existing disconnector and associated earth switches to achieve
at least 10 years of life extension.

Option B partially addresses the identified need as successful refurbishment is expected to result in life extension
and reliable operation of disconnector or earth switch by at least another 10 years.
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The refurbishment costs under Option B for each project within this program are included in Appendix B, with an
expected duration of 1 year for each project. Refurbishment work may include the following scope based on
detailed individual assessment:

Replacement or repair of bearings

Renewal or replacement of fixed and moving HV contacts

Replacement of leaking gear boxes in motorised disconnectors

Repair or replace mechanism box cover

Re-wire or replace mechanism box to current Australian Standards

Repair or replace any vertical drive rod/horizontal drive rod, if required

Rewinding or replacement of damaged motor in motorised disconnectors

Treat and paint metal parts of disconnector like structure members for rust and corrosion
Replacement of fasteners

Replacement of degraded insulators (corroded/broken/cracked)

vV V V V VvV V V V V V V

Renewal of footing, structure and holding down bolts

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

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

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

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

associated risk the requirement to maintain the existing network reliability.

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

solutions 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 of
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 3 below.
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Table 3- Scenario assumptions

Parameter Central scenario Lower bound scenario | Higher bound scenario
Discount rate 4.8% 7.37% 2.23%

Capital cost 100% 125% 75%
Operating expenditure benefit 100% 75% 125%

Risk cost benefit 100% 75% 125%

Other benefits Not applicable in this need

Scenario weighting 50% 25% 25%

Parameters used in this commercial evaluation are shown in Table 4.

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

ALARP
disproportionality

Multiplier of the environmental and safety
related risk cost included in NPV analysis
to demonstrate implementation of
obligation to reduce to ALARP.

Not used in this evaluation.

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

4.2 Commercial evaluation results

The commercial evaluation of the technically feasible options is set out in Table 5, showing 201 projects which ere

the selected to be in

Meets the need,

vV V V V V

6 | FY24-28 Disconnector Renewal Program OER- N2349 revision 3.0

the program:

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.

é"? TransGrid



Table 5 - Commercial evaluation (PV, $ million)

Cost PV scenario NPV | scenario NPV scenario NPV NPV

Capital Central Lower bound Higher bound ‘ Weighted Ranking

Projects where Option A — Replacement is the highest ranked option (162 units- 94 units with two options
and 68 units with one option)

Option A $21.18 $1,141.49 $519.94 $2420.29 $1305.80 1

Option B $2.74 $315.32 $144.72 $663.23 $359.65 2

Projects where Option B — Refurbishment is the highest ranked option (39 units, all with one option)

Option A Replacement option is not evaluated for this disconnectors

Option B $1.20 $35.73 $14.88 $79.30 $41.41 1

4.3 ALARP evaluation

ALARP evaluation is not applicable for this evaluation because there is no modelled safety or environmental risk.

4.4 Preferred option

The list of the projects and options for each of the 586 disconnector renewal projects evaluated are included in
Appendix B. The result is that 201 disconnectors have been found optimally timed for renewal (162 replacement
and 39 refurbishment) in the 2023 — 2028 regulatory period meeting criteria for this need.

Therefore total 201 disconnector and associated earth switches replacement projects that are recommended to be
progressed at a total program cost of $31.07 million under this need.

Capital and Operating Expenditure

Opex cost benefits associated reduced 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) of the preferred
option exceeds the annualised costs of the option.

The results of optimal timing analysis for each disconnector and associated earth switches project within the
program is included in Appendix C.

This OER recommends progressing only positive business cases which are optimally timed 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: $60.92 million

> Annualised cost: $1.76 million
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6. Recommendation

It is recommended to proceed with implementing N2349 disconnector renewal program replacement of 201
disconnectors and associated earth switches at a total program cost of $31.07 million.

This program amount includes an allowance of $6.0 million to progress the project from Decision Gate1 (DG1) to
Decision Gate 2 (DG2).

The list of all 586 disconnectors evaluated under this need is included in Appendix B and the final program is
included in Appendix C.
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Appendix A - Commercial evaluation report

Option Description

Option A - N2349 Program - Disconnectors OER Option A, Rank 1, 162 units

Economic Evaluation

NPV @ Central Benefit Scenario

Annualised CAPEX @

Option Rank 1 ::r:ve_zstment Assessment 25
eriod
Asset Life 40 NPV Year 2021

Annualised Capex - Standard
(Business Case)

1141.49 Central Benefit Scenario
(PV, $million) ($million) 1.67
NPV @ Lower Bound Scenario Network Safety Risk Network Safety Risk Reduction
519.94 . -
(PV, $m|”|0n) Reduction ($m|“|0n) 6.06
NPV @ Higher Bound Scenario ALARP Compliant?
2420.29 ALARP
(PV, $million) No
Optimal timing (Business Case)
NPV Weighted (PV, $million) 1305.80 Optimal Timing
2028
Cost (Central Scenario) ‘
. . Network and Corporate
Direct Capex ($million) 22.19 Overheads ($million) 7.22
Total Capex ($million) 29.41 Cost Capex (PV,$million) 21.18
Terminal Value ($million) 10.29 Terminal Value PV,$million) 2.30
Risk (Central Scenario) Pre Post Benefit ‘
Reliability Risk (Pre) Reliability Risk (Post) Pre — Post
Reliability (PV,$million)
1160.58 5.32 1155.26
Financial Risk (Pre) ; Al Ri Pre — Post
Financial (PV,$million) Financial Risk (Post)
1.70 0.01 1.69
Operational/Compliance Operational Risk (Pre) Operational Risk (Post) Pre — Post
(PV,$million) 0.00 0.00 0.00
Safety Risk (Pre) Safety Risk (Post) Pre — Post
Safety (PV,$million)
0.00 0.00 0.00
Environmental Risk (Pre) Environmental Risk (Post) Pre — Post
Environmental (PV,$million)
0.00 0.00 0.00
Reputational Risk (Pre) Reputational Risk (Post) Pre — Post
Reputational ($million)
1.36 0.01 1.35
Total Risk (Pre) Total Risk (Post) Pre — Post
Total Risk (PV,$million)
1163.64 5.33 1158.31
OPEX Benefit (PV,$million) OPEX Benefit
2.07

Other benefit (PV,$million)

Incremental Net Benefit

0.00

Total Benefit (PV,$million)

Business Case Total Benefit

1160.38
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Option Description

Option B - N2349 Program - Disconnectors OER Option B, Refurbishment Rank 1, 39 units

Option Rank 1 ::r:vgstment Assessment 25
eriod
Asset Life 10 NPV Year 2021
Economic Evaluation ‘
NPV @ Central Benefit Scenario Annualised CAPEX @ Annualised Capex - Standard
35.73 Central Benefit Scenario (Business Case)
(PV, $million) ($million) 0.21
NPV @ Lower Bound Scenario Network Safety Risk Network Safety Risk Reduction
14.88 ) -
(PV, $million) Reduction ($million) 0.21
NPV @ Higher Bound Scenario ALARP Compliant?
79.30 ALARP
(PV, $million) No
Optimal timing (Business Case)
NPV Weighted (PV, $million) 41.41 Optimal Timing
2028
Cost (Central Scenario) ‘
. - Network and Corporate
Direct Capex ($million) 1.25 Overheads ($million) 0.42
Total Capex ($million) 1.67 Cost Capex (PV,$million) 1.20
Terminal Value ($million) 0.00 Terminal Value PV,$million) 0.00
Risk (Central Scenario) Pre Post Benefit ‘
Reliability Risk (Pre) Reliability Risk (Post) Pre — Post
Reliability (PV,$million)
78.71 38.89 39.82
Financial Risk (Pre) ; ; ; Pre — Post
Financial (PV,$ million) Financial Risk (Post)
0.16 0.08 0.08
Operational/Compliance (PV,$ Operational Risk (Pre) Operational Risk (Post) Pre — Post
million) 0.00 0.00 0.00
Safety Risk (Pre) Safety Risk (Post) Pre — Post
Safety (PV,$ million)
0.00 0.00 0.00
Environmental Risk (Pre) Environmental Risk (Post) Pre — Post
Environmental (PV,$ million)
0.00 0.00 0.00
Reputational Risk (Pre) Reputational Risk (Post) Pre — Post
Reputational ($million)
0.71 0.09 0.08
Total Risk (Pre) Total Risk (Post) Pre — Post
Total Risk (PV,$ million)
79.05 39.06 39.99
OPEX Benefit (PV,$ million) OPEX Benefit
0.11
Incremental Net Benefit
Other benefit (PV,$ million)
0.00
Business Case Total Benefit
Total Benefit (PV,$ million)
40.10
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